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SUMMARY 

An investigation was conducted in the NASA Ames 40-fcot by 80-foot Wind Tunnel 
and Outside Static Test Facility to determine the aerodynamic/propulsion character- 
istics of & Large Scale Powered Model of a Lift/Cruise Fan V/STOL Aircraft. The 
model, designed by McDonnell Aircraft Company under Contracts NAS2-5499 and NAS2- 
8655 for Ames Research Center, was equipped with three 36-inch diameter turbo tip 
X376B fans powered by three T58 gas generators furnished by NASA. The lift fan was 
located forward of the cockpit area and the two lift/cruise fans were located on 
top of the wing adjacent to the fuselage. The three fans with associated thrust 
vectoring systems were used to provide vertical, and short, takeoff and landing 
capability. For conventional cruise mode operation, only the lift/cruise fans 
were utilized. 

The data that were obtained include lift, drag, longitudinal and lateral- 
directional stability characteristics, and control effectiveness. Data were 
obtained up to speeds of 120 knots at one model height of 20 feet for the con- 
ventional aerodynasiic lift configuration and at several thrust vector angles for 
the powered lift configuration. Outside static tests to investigate ground 
proximity effects were conducted at three model-above-ground heights (H/D = 1.02, 
2.55, 6.45). 

Significant test results include: 

o Induced lift up to 10% of gross thrust and negative Induced drag for 
operational powered lift configurations of the complete three-fan model, 

o Large Induced lift values (up to 170% of gross thrust) with the nose lift 
unit inoperative and the lift/cruise units operating at 90® vectoring 
angles, 

o Less than 1% total lift loss due to ground proximity, and 

0 Strong effects on inlet hot gas reingestion levels by varying thrust 
vector and splay angles and inlet shield configuration, thus indicating 
availability of positive ways to eliminate any operational problems. 

The results presented in this report show qualitative effects and trends 
which are applicable to higher pressure ratio fan systems. 
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Syfld>oI 

Description 

Dnits 

Ahl 

Fan inlet highlight area 

m^ (ft^) 

An 

Nosale exit area 

(ft^) 

Aq 

Fan inlet capture area 

(ft^) 

AtH 

Throat area 

m^ (ft^) 

ASW 

Antisubmarine warfare 
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b 

Wing span 

m (ft) 

B.L. 

Butt line 
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c 
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m (in) 

c 

Mean aerodynamic chord 
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% 

Drag coefficient (D/qS) 
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Cp 

Thrust calibration coefficient (Fs/6a)/(^l/^A^ 

— 

Cn 

Rolling moment coefficient (i/qSb) 
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Lateral stability parameter (3Cj^/3S) 

per degree 

Cl 

Lift coefficient (L/qS) 

— 

Cm 

Pitching moment coefficient about ^/4 (m/qSC) 

— 

Ca 

Yawing moment coefficient (n/qSb) 
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Cng 

Directional stability parameter (3C||/3S) 

per degree 
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Side force parameter (3 Cy/3E) 
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DPI 

Distortion factor (PTnax“^Tmin)/PTAVG 
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Gross thrust at forward speed 
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^GlC 

Gross thrust of lift/ cruise unit 

N (lb) 

^gnl 

Gross thrust of nose lift unit 
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Fuselage Station 

m (in) 
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General Electric 
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Model height above ground measured from lift cruise 
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m (ft) 
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Rolling moment 
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L 

Uft 

N (lb) 

LC 

Lift cruise 

— 

LSAB 

Large Scale Aerodynamics Branch 

— 

m 

Pitching moment 

N-m (ft-lb) 

MCAIR 

IfcDonnell Aircraft Company 
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n 

Tawing moment 

N-m (ft b) 

Nf 

Fan speed 

RPM 

»GG 

Gas generator fan speed 

RPM 

NPR 

Nozzle total pressure ratio 
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P 

Static Pressure 

N/m^ (psi) 

Pa 
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Pt 
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q 
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RPM/*^Xo 
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T/C 
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— 
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Symbol 
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TEU/TED 

Tj 

Vj 

VxH 

Vo 

eVo/Vj) 

VTO 

V/STOL 

W 


W.L. 


Daseriptloa 

Trailing edge left/rl^t 
Trailing edge up/do«n 
.et total temperature 
Jet velocity 
Velocity at the throat 
F .'eestream velocity 
jet velocity ratio 
Vertical takeoff 

Vertical/short takeoff and landing 

Airflow rate 

Waterline 
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T Side force 

GREEK SYMBOLS 


a 

0 

A 


dTi 

dTj 


®aL 

*^aR 

^A 

^f 


Angle of attack 
Angle of sideslip 
Incremental 

Inlet temperature rise (Tx2 ~ Txq) 

Jet tempf-’"&ture rise (Tj - Txq) 

Aileron deflection (positive is TED) 

''•eft aileron deflection 

Right aileron deflection 

Relative static pressure (P/14.696) 

Flap weflectlon (positive is TED) 

Horizontal tall deflection (positive is TED) 
Lift cruise unit geometric deflection 


/n op oewfl ri .1. nmcfM^r 


Pnita 


"C (®R) 

m/sec (ft/ sec) 
m/sec (ft/sec) 
m/sec (ft/sec) 


kg/ sec (Ibgi/sec) 
m (in) 

N (lb) 


deg 

deg 


“C(“F) 

“C(“F) 


deg 

deg 


deg 

deg 

deg 
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Symbol 

Description 

Units 

«NL 

Nose lift unit geooistric deflection 

deg 


Rudder deflection (positive is TEL) 

deg 

«s 

Inlet shield deflection angle 

deg 


Relative total pressure (Px/14.696) 

— 

«Y 

Nossle yaw vane deflection (positive TEL) 

deg 

®J 

Resultant thrust vector angle 

deg 

®LC 

Lift cruise unit thrust deflection angle 

deg 

«NL 

Nose lift unit thrust deflection angle 

deg 

0^ 

Relative total temperature (Tr/518. 7) 

— 

Ac/4 

Sweep angle 

deg 

^0 

Fr ^stream density 

deg 

SUBSCRIPTS 



0 

Frees tream 


1 

Inlet throat 


2 

Fan entrance 


3 

Fan exit 
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1. IMTRODgCTION 

1.1 BACKGRODMP 

McDonnell Aircraft Company (MCAIR), a division of McDonnell Douglas Corpora- 
tion, over the past several years has conducted a comprehensive analysis of V/STOL 
aircraft designs. One of the configurations analyzed, a lift /cruise fan multi- 
mission aircraft with interconnected propulsion units, provides significant 
advancements in V/STOL aircraft performance and operational capabilities. Large 
improvements are provided in payload/range, speed, altitude, safety, reliability 
and maintainability which are not presently achievable in either rotary wing or 
other proposed V/STOL v^ilcles. This interconnected lift/cruise fan concept can 
satisfy the military needs for V/STOL multimission aircraft as well as many civil 
needs for utility aircraft for siqtport of construction, lumbering, oil exploration 
or development sites located in areas difficult to reach rapidly by other modes of 
transportation. 

The MCAIR lift/cruise fan aircraft is a fixed wing vehicle powered by three 
identical turbotip driven fans that are pneumatically interconnected to each other 
and to two (or three) gas generators (depending on the specific aircraft design) 
during the powered lift flight mode. During cruise mode operation the gas gen- 
erators power only the two over-the-wlng lift/ cruise fans. This unique applica- 
tion of flight proven lift fans provides a variable b3rpass ratio propulsion system 
which maximizes lift and control during VTO, provides excellent short takeoff 
characteristics, allows efficient engine matching for cruise and loiter, and 
provides for retention of symmetrical thrust, good control margins and vertical 
landing capability during one-englne-out operation. 

Recognizing the need for development of technology for such V/STOL multi- 
mission aircraft for Naval purposes that also may serve many future civil-utility 
aircraft requirements, the NASA Ames Research Center, with Navy support, contracted 
with MCAIR to design a large scale powered model for test in the NASA Ames 40 foot 
by 80 foot wind tunnel. The initial design work was performed under Amendment 
No. 19 to Contract NAS2-S499. The remainder of the effort was done under 
Contract NAS2-8655. The model was to be approximately 0.7 scale of a potential 
Navy multimission aircraft and was to utilize fans and gas generators already 
existing in the NASA test hardware inventory. In addition, the contract covered 
engineering liaison support during fabrication of the model in the NASA Ames shops, 
engineering and technical support during the active test phases, data reduction 
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and analysis, and reporting of the results. This document is the final report of 
these activities. In addition, a NASA data report (Reference 1) was published 
shortly after completion of the tests. 

1.2 40* X 80^ WIND TUNNEL TESTS 

The main objectives of the tests in the 40* x 80* wind tunnel included 
assessment of: 

o Powered flight characteristics, 

o Aerodynamic flight characteristics, power on and off, tail on and off, 
and 

o Propulsion air induction system characteristics. 

The powered lift test data, from zero speed through transition, were used to 
evaluate flight procedures and vectoring schedules during transition and to estab- 
lish aerodynamic-propulsion induced effects and flow fields with varying fan thrust, 
thrust vector angles, jet velocity ratios, and combined powered and aerodynamic 
control inputs. Longitudinal and lateral-directional characteristics in the 
loiter and cruise flight modes were established from the aerodynamic test data. 

The propulsion system test data were used to establish distortion profiles and 
inlet performance throughout the test operating range. Test variables included 
angle of attack, sideslip angle, fan thrust, thrust vector angles, tunnel airflow 
velocity, aerodynamic control deflections, and simulated powered lift control 
Inputs • 

1.3 OUTSIDE STATIC TESTS 

The outside static test program included ground effects testing and propulsion 
system calibration tests. The ground effects test program included tests at 21.0, 
8.3, and 3.3 foot heights and measured the total installed lift loss and inlet 
r^5 .^estion characteristics of the model. The calibration tests included the 
I .ner* *on of a fan performance map and tests of each lift unit for comparison 
with thci static calibrations done in the 40* x 80* tunnel. Flow field visualiza- 
tion tests were also conducted utilizing smoke. Force and moment data, fan and 
gas generator performance data, and inlet performance data were recorded during 
the te, t program. 


AfeoOIV/VCLf. At§9CnAf^T C€>Mf*AtS!V 


1-2 



MDC A4318 


2. MODEL DESCRIPTION 

The aircraft modal tasted in this program was a large scale (approximately 70%) 
powered model of a subsonic fixed win( llft/crulse fan V/STOL aircraft concept 
configured originally for the Navy ASW mission. This configuration was the result 
of several design compromises required to provide multimission adaptability for 
operational usage aboard the Navy's VSS, LBP, LHA, and DD 963. Aerodynamic refine- 
ments of this design were based on small scale model low speed and high speed wind 
tunnel test data. These data were Incorporated into a mathematically accurate 
definition of the complete aircraft mold line stirface throu^ use of the MCAIR 
Computer Aided Design Drafting (CADD) interactive graphics system. Iftille the 
standard construction functions were used to initiate this effort, it was refined 
through extensive use of the Parametric Cubic (PC) curve and PC patch routines to 
arrive at PC surface definition. 

For the model design the full scale mold line definition was reduced to 70% 
of full scale. Model construction of a tubular trues type struct, .e with local 
rings supporting the combination metal and fiber glass mold line skins was selected 
in order to reduce costs by allowing relatively loose tolerances of the structure 
with reasonably accurate control of the external mold line shapes. Cuts were made 
at appropriate stations as determined by the model layout drawings for headers, 
ribs, longerons, etc.; details and reference line information were added, and 
drawings were hard-copied on stable Mylar. Part number callouts, hole sizes, and 
parts list were added manually along with small detail cuts to obtain the level of 
information required for hardware manufacture and model assembly at NASA Ames. 

The main features of the model Included three gas generator driven turbotlp fans, 
and variable geometry for all control surfaces and vectoring system components. 

A photo of the model is shown in Figure 2-1. The size and detail design of the 
model were based on utilizing existing propulsion system components, including the 
gas generators, tiirbotip fans, and vectoring system components supplied by 
NASA Ames. The physical size and performance characteristics of the TS8-GE-8B 
gas generator and low presstire ratio (1.08) GE-X376B turbotlp fan were the 
predominant considerations in sizing the model. Based on performance estimates of 
this system, a model scale was selected to provide Inlet velocity ratios (Vq/V^h) 
typical of full scale higher pressure ratio fan systems during jet velocity ratio 
(Vo/Vj) excursions. A schematic of the model illustrating the major propulsion 
system components is shown in Figure 2-2. The model had an overall length of 
10.26 meters (33.7 ft), a span of 8.68 meters (28.5 ft) and a height of 2.76 meters 
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FIGURE 2-2 

LARGE SCALE POWERED MODEL PROPULSION SYSTEM 
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(11.9 ft). The basic geometry and overall dimensions of the model configuration 
are shown in Figure 2-3. Descriptions of the airframe and propulsion system con^ 
ponents are presented below. 

2.1 FUSELASE 

The basic fuselage shape of the aircraft accommodates slde-by-slde seating in 
the forward fuselage, and provides the necessary volume In the center fuselage for 
satisfying the needs of the multlmlsslon role. This wide bodied design allows for 
the installation of the lift fan unit In the forward fuselage section of the 
aircraft. 

The fuselage section of the test model contained the main support truss, which 
in turn supported the wings, tail section, and turbotip fem units. The three gas 
generators. Interconnect ducting, fuel distribution lines, lubrication system, 
instrumentation, fire extinguisher system and forced air cooling lines were all 
housed within the fuselage. Vent louvers were installed on the lower and upper 
surfaces of the fuselage to provide internal cooling air for the test model. 

2.2 WING 

The design concept incorporated a low wing with the lower surface flush with 
the bottom of the center fuselage. The basic wing had an aspect ratio of 4.5, a 
taper ratio of 0.30, and a qtiarter chord line sweep of 25**. Total wing planform 
area was 16.75 m^ (180.3 ft^). Further details of the wing geometry are given in 
Figure 2 >3. The basic wing had different airfoil sections inboard and outboard of 
the llft/crulse fan nacelle/wing intersection. The inboard wing panel had an 
NACA 4416 airfoil section at B.L. 37.8, and the outboard wing panel used modified 
supercritical airfoil sections at root and tip. The transitions between these 
three specified stations were straight line elements. Coordinates of the wing 
airfoil sections are presented in Figure 2-4. 

The control surfaces consisted of plain flaps and ailerons both hinged at 
the 75% chord line. The flaps had specific deflection angles of 0®, 15®, 30® 
and 45® and were manually positioned. The ailerons had a deflection range of 
+ 25® and were remotely operated. 

2.3 EMPENNAGE 

The aircraft empennage consisted of a "T" tail configuration with a movable 
horizontal stubilator and fixed vertical stabilizer. The geometry of the vertical 
and horizontal tall is presented in Figure 2-3. Both the vertical and horizoutal 
tall components were detachable from the model for tail-off testing. 
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LARGE SCALE POWERED MODEL 
Basic Geometry 
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FIGURE 24 

LARGE SCALE LIFT/CRUISE FAN AIRCRAFT MODEL 
_ Wing Airfoil Ordinates 
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The vertical tall utlllaed a basic MCA 6SA010 airfoil sectloa and was 
equipped with a aoveable rudder. The rudder had noninal deflection angles of 0**, 
'•'10*, ^20", and and was annually positioned. 

The horlaontal tail utilised a synnetrical MCA 64A0ZZ airfoil section with 
a thickness ratio of 0.10 at the root and 0.08 at the tip. The horizontal tail 
was a one-piece unit that was remotely operated, and had a deflection range of 
+ 20 *. 

2.4 AIR DnMlCTIOH SYSTEM 

The model air ind ction systea ccasisted of the lift/cruise fan inlets, the 
nose fm inlet, and gas generator inlets for each type fan installation as shown 
in Figure 2-3. A description of each inlet is presented below. 

Lift/Cruise Fan Inlets 

The lift /cruise fan inlets were located over the wing and adjacrat to the fuse- 
lage in a ftilly integrated design concept. They were fixed geometry inlets with an 
internal contraction ratio (Agj^/A]^) of 1.25. They had a 2:1 elliptical lip pro — 
file and ctd>ic duct contours internally. A low drag modified elliptical cowl con- 
tour was used externally. The detailed geometry of the lift /cruise inlets is 
presented in Figure 2-5. 

Lift/Cruise (k Generator Inlet 

The lift /cruise engine inlets were side mounted with fixed geometry. They 
also had an inlet contraction ratio of 1.25, a 2:1 elliptical lip shape internally, 
and low drag, modified elliptical cowl contours externally. For ease in fabrica- 
tion, a straight-line-eleaient conical duct was utilized internally. Parabolic 
boundary layer diverters were incorporated between the inlets and the fuselage. 
Details of the gas generator inlet geometry are presented in Figure 2-6. Details 
of the shields added as a means of reducing hot gas reingestlon during operation 
at low ground heights are presented in Figure 2-7. 

Nose Lift Fan Inlet ~ 

The nose fan inlet was located in the nose of the aircraft just downstream of 
the radome and forward of the canopy. It was a flush mounted inlet with an overall 
resultant contraction ratio (AgL/Ap^) of 2.09. The forward section of the inlet 
had a lip thickness ratio (Y/Rgj^) of 0.30. ' s decreased to a minimum thickness 

ratio of 0.20 at the sides, and remained a constant over f '' aft action of the 
inlet. Inlet turning vanes w^re not incorpor.-'ted i'* l.c design. It had 

a 1.4:1 elliptical lip profile at the leading ■ ■ *ased to a 2:1 ellip- 
tical profile at the side. The 2:1 profile was >■. over the aft section of 

the inlet. Inlet closure doorc were not Included on this test model. For cruise 
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LIFT/CRUISE GA8 GENERATOR INLET DESIGN GEOMETRY 
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mode testing (nose fan off), an Inlst closure panel was installed on the Inlet. 
Details of the. nose lift fan inlet geometry are presented in Figure 2-8. 

Hose Fan Gas Generator Inlet 

The nose fan gas generator inlet design consisted of two flush mounted inlets, 
each ducted into a common plenum located x^stream of the aft facing gas generator. 
The inlets were located on the upper surface of the lift/cruise gas generator 
nacelles at the approximate wing leading edge station. Bach inlet had a contrac- 
tion ratio (Ag^/Ayg) of 4.0 and a diffusion ratio Ci. n gw im/Are) into the plenum of 
1.5. All inlet lip shaping consisted of 2:1 elliptical profiles with varying lip 
thickness around the periphery. For cruise mode testing, inlet closure panels were 
installed on each inlet. Details of the nose fan gas generator inlet geometry are 
presented in Figure 2-9. 

2.5 GAS GEHERATOR AMD TURBOTIP FAS SYSTEM 

Three identical 36” diameter CT-X376B turbotlp fans were installed in the 
model, each one driven by a modified T58-GE-8B gas generator. The engine and fan 
for each lift unit were interconnected with steel ducts and bellows arranged as 
Shaun in Figure 2-2. The gas generators, turbotip fans, interconnect ducting and 
bellows were existing hardware items supplied by the Large Scale Aerodynamics 
Branch (LSAB) of NASA/ Ames. The design characteristics of the gas generator and 
fan are presented in Figiire 2-10. The performance values given are 6E engine 
specification values, and are presented for reference only. 

2.6 THRDST VECTORING SYSTEM 

The exhaust nozzle thrust vectoring systems utilized on the nose lift unit and 
the two lift/cruise units were existing hardware components previously used and 
supplied by the LSAB of NASA/ Ames. Descriptions of the lift/cruise vectored nozzles 
and the nose vectoring louvers are given in Figures 2-11 and 2-12, respectively, 
and are discussed below. 

Lift/Cruise Vectored Nozzle 

The llft/crulse vectored nozzle consisted of a fan exit diffuser, thrust vec- 
tcrlng hood segments, and a nozzle exit cone, as shown in Figure 2-11. The fan 
exit diffuser had a diffusion ratio (Agooo/^FAN EXIT) of 1.50 and was tised for both 
the vectored and nonvectored (cruise mode) test arrangements. Thmst vectoring was 
achieved with the fixed diameter detachable angular hood segments, so arranged as 
to provide geometric deflection angles (<^lc) of 23", 38", 56", 71" and 90". The 
initial 23" hood segment was equipped with detachable cover panels on the upper 
surface, providing eidiaust ports for simulating thrust reduction modulation. The 



M0CA4318 


FIGURE 2-8 

FORWARD ENGINE INLET DESIGN GEOMETRY 




MOOOMMn.1. AmcrtArr coMmwv 


2-13 



M0CA4318 


FIGURE 2-10 

GAS GENERATOR AND TURBOTIP FAN DESIGN CHARACTERISTICS 
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FiqURE>11 

UFT/CRUISE UNIT VB2T0RING SYSTEM GEOMETRY 



Thrust Modulation Ports 






M0CA4318 


FIGURE 2- 12 

NOSE LIFT UNIT VECTORING SYSTEM GEOMETRY 
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thrust vectoring hood segments had constant area turning with a turning radius of 
0.54 R/D. The ;noszle exit cone was also detachable* and was equipped with two lOS 
thick, manually positioned, articulated yaw vanes. These vanes provided lateral 
vectoring of 0", and +17.® to produce yawing moments. The nozzle cone had a 
fixed nozzle exit area of 0.7677 m^ (1190 in.^) with an exit contraction ratio 
(Ahood/AnOZ) of 1.16. 

For cnilse mode testing *■ 0®), a 17 inch long constant area nozzle duct 
extension was installed downstream of the diffuser section. The cruise nozzle exit 
cone, which was attached to this extension, did not Include exit yaw vanes. The 
cruise nozzle exit area was .6935 m^ (1075 in.^). An alternate cruise nozzle exit 
area of 0.6 m^ (930 in.^) was provided by a nozzle ring which attached to the exit 
cone. The cruise and vectored llft/crulse nozzles are shown in Figure 2-11. 

Nose Lift Dhit Vectored Wozzle 

The nose lift unit thrust vectoring nozzle system utilized an existing, 
remotely activated louver and drive system. Fourteen low camber loxivers, each with 
a thickness ratio of lOZ, provided thrust vectoring over a range from 105® to 30®. 
'nfo 10% thick, manually positioned, articulated yaw vanes located beneath the lou- 
vers provided yaw vectoring of 0®, jj6® and +12®. The yaw vanes were of the same 
design as those on the llft/crulse units, and were detachable from the model. For 
cruise mode testing, the complete louver and yaw vane vectoring system was removed 
and a lower surface nozzle unit cover panel was installed on the model, 
of the nose lift unit vectoring system are presented in Figure 2-12. 


Details 



MDC A4318 


3. MODEL INSTRIiMENTATION 

The large scale powered model was fully Inscrtimented with pressure and tem- 
perature pickups located at various positions on the airframe and propulsion system 
cong>onents. The quantity, type, and location of the Instrumentation for each model 
component are described In the sections that follow. 

3.1 AIRFRAME INSTRDMEIITATION 

A total of 105 static pressure ports were installed on the external surfaces 

of the wing and fuselage sections of the airframe. The locations of the pressure, 
ports on each componrat are described below. No data from this instrumentation are 

Included in this report due to problems encountered In the reduction process. 

Wing 

A total of 78 static pressure ports were installed on the left wing, aileron, 
and flap surfaces, distributed along butt lines located at four spanwlse positions. 
Both the upper and lower left wing surfaces were instrumented. The locations of 
all wing pressure ports are presented in Figure 3-1. 

Forward Fuselage 

A total of 27 static pressure ports were Installed on the forward fuselage 
of the model. This total Included 16 ports or* the left side of the nose section 
and 11 on the lower fuselage surface Just downstream of the forward fan exhaust. 

The detailed locations are shown in Figure 3-2. 
li jpennage Flow Survey Rake 

Dynamic pressure and flow direction were measured at the pivot axis of the 
horizontal tall plane by directional pitot static probes at the following six 
butt lines: 29.0, 42.1, 55.3, 68.4, 81.5, and 94.6. 

3.2 PROPULSION SYSTEM INSTRUMENTATION 

The propulsion system instrumentatlou Included static pressure, total pressure, 
and total temperature measurements at various locations on the components of the 
three lift units. The components of the propulsion system that were Instrumented 
Included the following: 

o Left llft/cnd.se fan and gas generator Inlets 
0 Nose fan and gas generator Inlets 
o Left and nose gas generator exits 
0 Left, right, and nose fan and tip turbine exits 
o Left and nose fan nozzle exits. 
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FIGURE 3-1 

LOCATION OF WING SURFACE STATIC PRESSURE PORTS 

^ (Lowing Only) _ _ _ 
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FKiURE3-2 

LOCATION O F FORWARD FUSELAGE STA i’IC PRESSURE PORTS 
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A total of 108 static pressure ports, 247 total pressure probes, and 79 total 
Lemperature probes were installed in the propulsion systea of the oodel. A table 
suomrlsing the propulsion syst^ instrunentation and the specific purpose for each 
installation is presented in Figure 3-3. A description of the quantity, type, and 
location of the instxwMctation for each propulsion system component is piesented 
below. 

Fan Inlets 

The left lift/cruise and nose lift fan inlets were each instriimenced with 
inlet surface static pressure ports, located at various positions on the internal 
and external surfaces. The left lift/cruise nacelle included a total of 22 static 
pressure ports located on the upper and side inlet lip. the lower internal duct 
surface, and on the external iq>per nacelle surface. In addition, six static 
pressure ports were also installed on tne upper wing surface ahead of the inlet. 

The locations of these and the inlet ports are shown in Figure 3-4. The locations 
of the nose lift fan inlet static pressure ports are shown in Figure 3-5. A 
total of 10 static pressure ports were installed on the nose and side inlet 
lips. 

Engine Inlets 

The left llft/crulse and nose fan engiie inlets were also instrumented with 
static pressure pores on the surfaces of the inlets. A total of 10 inlet lip 
static pressure ports were installed on the internal surface of the left lift/cruise 
engine inlet side and lower lips. The locations are shown in Figure 3-6. Five 
inboard lip static pressure ports were installed on the left nose fan engine inlet, 
as shown in Figure 3-7. This left irljt also included an eight-probe total tem- 
perature rake to measure reingestion temperature levels at the inlet throat station. 
The locations of the thermocouples are also presented in Figure 3-7. 

Fan Face 

The left llft/crulse fan face and nose lift fan face were both instrumented 
with identical inlet performance rakes. An 8 leg, 48 total pressure probe rake to 
measure inlet performance, along with a 4 leg, 8 total temperature probe rake to 
measure reingestion temperatures, was installed at the fan face, just upstream of 
the X376B forward support frame on each lift unit. Both the pressure and tempera- 
ture rakes were equal-area-weighted rakes. Four wall static pressure ports were 
also located at the rake station of each inlet. The Instrtimentatlon locations for 
the fan face rakes are presented in Figure 3-8. 
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FIGURE 341 

LIFT/CRUISE ENGINE INLET INSTRUMENTATION 
Left Side Only 
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Static Pressure Locations 
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FIGURE 3-7 

FORWARD ENGINE INLET INSTRUMENTATION 
Left Side Only 


5 inboard Up Statics 




nac o omwu. AmcnJkrr ecManaiwr 


3-9 




M0CA4318 


FIGURE 341 

FAN FACE INSTRUMENTATION 
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All total pressure and total temperature rake probes installed In the model 
were made of 1/8" O.D. x .032" wall thickness stainless teel tubing. The pressure 
probe inlets were chamfered at 15**. All thermocouples Installed in the model were 
made of 30 gauge iron/ cons tantan wire. A teflon liner was utilized within the steel 
tubing for Insulation. 

Engine Face 

The left llft/cruise engine face and the nose fan engine face were both instru- 
mented with inlet performance rakes. A 4 leg* 16 total pressure probe rake to 
measure inlet performance* along with a 4 leg* 8 total temperature probe rake to 
measure reingestlon teoperature levels* was Installed just upstream of the engine 
face on each unit. Two wall static ports were also located at the rake station 
of each engine. The instnimentation locations for these engine face rakes are 
presented In Figure 3-9. 

Pan and Tip Turbine Exit 

All three turbotlp fan units on the model were instrumented in like manner at 
the fan and tip turbine stator exits. The fan exit instrumentation consisted of a 
6 leg 30 probe total pressure rake* a 3 leg 9 probe total temperature rake* and 12 
exit static pressure ports, 6 each on the hub and outer wall. The tip turbine exit 
instrumentation consisted of 4 equal-area-welghted total pressure probes* 4 total 
temperature probes, and 5 outer wall static pressure ports. The purpose of the fan 
and tip turbine exit instrumentation was to measure the basic performance of the 
turbotlp fans Including the airflow, thrxists* and jet velocities. The detailed 
location of the fan and tip turbine exit instrumentation is presented in Figure 
3-10. A cross-sectional drawing of the turbotlp fan illustrating the positioning 
of both the inlet and fan exit rakes is presented in Figure 3-11. Details of the 
total pressure and temperature probes are also shown. 

Engine Exit 

The left llft/cruise and nose fan engine e^diaust ducts were each Instrumented 
with three wall static pressure ports, located approximately one duct diameter 
downstream of the engine exit. The pressure port locations are shown in Figure 
3-12. In addition to these static pressure measurements, the eight -probe engine 
EGT harness was utilized on all three engines to measure the engine exhaust gas 
total temperatures. 


AioooMmBi.1. AmcnA^T coMmwv 


3-11 



MDCA4318 


FIGURE 3-9 

ENGINE FACE INSTRUMENTATION 
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FIGURE 3-10 

FAN AND TIP TURBINE EXIT INSTRUMENTATION 
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FIGURE 3-11 

FAN INLET AND EXIT INSTRUMENTATION INSTALLATION 
Left Lift/Cruise and Nose Fan Units 
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Nozzle Exits 

The left lift/cruise and nose fan lift units were each instrumented at the 
nozzle exit for the purpose of assessing the nozzle exit flow profiles. The left 
lift/cruise nozzle exit included 10 total pressure probes attached to the leading 
edge of the two fixed yaw vane struts, and 4 external nozzle exit base pressure 
static ports. The nose fan nozzle exit included 7 total pressure probes attached 
to the leading edge of the louver centerline drive strut, and canted 15® to align 
with the fan exit. The details of the nozzle exit instrumentation are presented 
for both units in Figure 3^13. 
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4 . WI ND TUNX EL TEST FACILITY 

The model was tested in the NASA/ Ames Research Center 40* x 80* wind tunnel. 
The tunnel is a low speed closed circuit continuous flow tunnel with a speed range 
from 0 to 180 knots which operates at a near constant tunnel total pressure of one 
atmosphere and provides Reynolds numbers up to 2 x 10^ per foot. The test section 
is 40 feet high^ 80 feet wide at the tunnel centerline, and 80 feet long. The 
ceiling of the tunnel test section opens to provide for model installation. The 
wind tunnel model balai.c _s a six-component scale type balance, located diiectly 
below the test section. The wind tunnel control room is located adjacent to the 
test section. A cross section drawing of the tunnel test section and adjacent 
areas is shown in Figure 4-1. Further derails of the 40* x 80* wind tunnel are 
contained in the user*s guide of Reference (2)* 

4.1 TEST ARRANGEMENT 

The model was supported on the tunnel balance with three support struts, two 
attached to the main wing spar and one attached to the aft fuselage. All model 
leads were attached to the two main support struts which were fixed in height. 

The tail strut was remotely varied in height to change angle of attack. The model 
was positioned at the centerline of the tunnel, 20 feet above the tunnel floor. 
Photos of the model installed in the test section are presented in Figures 4-2 
through 4-6. 

The model was equipped with several monitoring and control systems. Leads 
from these syst^^ is were attached to the main support struts and routed down through 
the balance room and up to the main tunnel control room. The model subsystems with 
external leads included tne following: 
o Fuel system 

o Engine and fan control and monitoring system 
o Fire warning and CO 2 extinguishing system 
^ Remote controlled model variable systems 
o Model pressure and temperature instrumentation system. 

A schematic layout of the main tunnel control room is presented in Figure 4-7, The 
arrangement of the major equipment is shown, including the tunnel control panel, 
the engine and fan control console, the on-line computer, pressure and temperature 
i:?cording system, data card punches, computer printout, and TV monitors. 
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FIGURE 4-1 

40 X 80 WIND TUNNEL TEST FACILITY 
Test Section Elevation View 
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FIGURb 4-3 

LARGE SCALE POWERED MODEL INSTALLED IN 40 FT x 80 FT WIND TUNNEL 
Rear Quarter View of Powered Lift Mode Configuration 
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FIGURE 4 4 

LARGE SCALE POWERED MODEL INSTALLED IN 40 FT x 80 FT WIND TUNNEL 

Front Quarter View of Aerodynamic Lift Mode Configuration 







MDC A4318 


FIGURE 4 6 

large scale powered model installed in 40 FT X 80 FT WIND TUNNEL 

Top Front Quarter View of Aerodynamic Lift Mode Configuration 
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FIGURE 4-7 

40 X 80 CONTROL ROOM LAYOUT 
Data Systems Arrangement 


Test Section 



Flow Direction 
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4.2 DATA ACQUISITION SYSTEM 

Two separate Datex Corporation data acquisition systems are utilized in the 
40* X 80* tunnel for recording the balance force and moment data and the model 
pressure and temperature data. 

The Datex I system records the balance force data, tunnel test conditions, 
and the fan speeds. The individual balance scale readings are measured utilizing 
optical scanners and the three fan speeds are measured using rpm counters. These 
raw data are punched out on an IBM Card Punch located in the on-line computer room 
adjacent to the tunnel control room. Five readings are taken at each test point 
for both the balance scale data and fan speed data. Approximately 10 seconds are 
required to record a given test point on the Datex I system. The Datex I raw 
data cards are then processed on the SEL-840 on-line computer, and the results 
printed out on the tunnel control room printer. 

The Datex II system was used to record the pressure and temperature data. 

All model pressures were measured using two Statham Corp. differential pressure 
transducers mounted in 48 port, **D** sized scanivalve modules. The scanivalve units 
were installed in the left and right wing sections of the model. The left unit 
contained five ganged modules and the right unit contained six ganged modules. A 
total of 460 model pressures were measured by the scanivalve systems. 

All model temperature measurements were made using iron/constantan thermo- 
couples. The leads of each thermocouple were routed from the model through the 
reference junction box located in the balance room to a 48 pickup temperature 
scanner mounted in the Datex II recording console. The Datex II recording system 
recorded all preset. re and temperature signals on an IBM Card Punch unit. A 
scanning rate of 0.3 seci'nd per measurand was used for both the pressure and 
temperature data jl 'on, resulting in a recording time per test point of 
approximately 40 secojJs. The Datex I and Datex II data were recorded separately 
for each test point, the Datex I being recorded first. The Datex II raw data 
cards were processed on the SEL-S4C on-line computer. 
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5. OUTSIDE STATIC TEST FACILITY 

The large scale powered model ground effects test program was conducted at the 
NASA-Anes Research Center Outside Static Test Facility, designated as test site 
number N-249. The outdoor facility is located at a remote site approximately 1.6 km 
(1 mile) from the 40* x 80* wind tunnel. 

The facility is equipped with adjustable height model support struts and 
provides a smooth ground plane below the test model. The strut arrangement is 
similar to that of the 40* x 80* wind tunnel. Height adji’^-tment is achieved with 
interchangeable main strut sections of various lengths. The tail strut is a 
remotely driven telescoping unit that provides angle of pitch variation. A 
below-ground structure supports the three model struts and tail strut drive unit. 

The facility includes an enclosed trailer that serves as the control room and 
houses the data acquisition systems. Auxiliary equipment located at the test 
site includes the engine starter unit, 400 cycle A/C power supply, fuel tanker, 
and an air compressor. A plan view sketch of the static test facility layout is 
shown in Figure 5-1. 

5. 1 TEST ARRANGE>ffiNT 
Model Support 

The model was supported with three struts arranged in the same Ic cation as 
previously used for the 40’ x 80* tunnel test setup. All model and instrumentation 
leads were attached to the two main support struts and insulated with asbestos 
cloth wrapping for protection. Strut fairings were also installed at the two 
lowest heights tested to further protect the model leads from the flow field 
environment. The model was tested at three heights above the ground plane - 21.0, 
8.3, and 3.3 feet. Schematic illustrations of the three ground height arrangements 
indicating the major components are shown in Figure 5-2. Photos of the test model 
setups are presented in Figures 5-3, 5-4, and 5-5. 

Load Cells 

Three load cells, one mounted on each of the support struts, were used to 
measure the forces on the model. Each load cell was a 3-component strain gauge 
balance, with a 6000 lb normal force, 4000 lb axial force, and 3000 lb side force 
capability. The load cells were installed directly below the test model between 
the support struts and model mounting pads. Metal shrouds were installed around 
each load cell, and cooling air was supplied to maintain near constant load cell 
temperatures. The load cell and cooling shrouds can be seen in the photo of 
Figure 5-3. 
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FIGURE 5-1 

OUTSIDE STATIC TEST FACILITY PLAN VIEW 
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FIGURE 5-2 

MODEL GROUND HEIGHT VARIATIONS 
Outside Static Test Program 
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Mode . >truneatation 

The model instrumentation utilized during the static ground effects test 
^ 4.ogram was identical to that used during the 40* x 80* wind tunnel test. The 
quantity, type, and location cf all model instrumentation were previously described 
in Section 3 of this report. The model monitoring and control systems, described 
in Section 4.2, were also the same. 

5.2 DATA ACQUISITION SYSTEM 

The measurements made during the static ground effects test program consisted 
of model pressures, temperatures, fan speeds, and balance forces. Both digital and 
analog data acquisition systems were utilized to record the data. The parameters 
measured and the recording systems utilized are discussed below. A detailed sche- 
matic flow diagram of the complete data acquisition system utilized during the 
static test program is presented in Figure 5-6. 

Digital Data Acquisition 

All model pressures, temperatures, fan speeds, and load cell component forces 
were ^..easured and recorded utilizing a Vidar Corporation digital data acquisition 
system. The model pressures were measured in the same manner as during the in- 
tunnel tests utilizing differential pressure transducers installed in two separate 
scanivalve systems. Temperature measurements were made with iron-const ant an 
thermocouples. Forty-eight of the 79 temperature measurements were connected to 
a scanning device for single channel multiplex recording, with the other 31 being 
recorded on individual temperature channels. The fan speeds were measured -ith 
rpm counters and recorded 43 times per test point on Vidar using three scanning 
channels. Each component of the three load cells v^s also recorded 48 times per 
test point using .. total of nine scanning channels. The Vidar system digital raw 
data were recorded on a paper tape punch machine located in the on-site trailer. 

A schematic layout of the data acquisition system arrangements within the trailer 
unit is presented in Figure 5-7. 

Analo,^ Data Acquisition 

All inlet temperature measurements and selected fan and tip turbine exit 
temperatures were analog recorded on magnetic tape. In addition, fan speed and 
selected pressures from the inlets and fan tip turbine exits were recorded on the 
tape. Th^se analog measurements were made in order to determine both the time 
variant inlet reingestion characteristics and the subsequent variation of the 
propulsion system characteristics during reingestion. These measurements were 
recorded on two Ampex Corporation F/M tape recorders. Inlet temperatures were 
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FIGURE 5 6 

DATA ACQUISITION SYSTEMS FLOW DIAGRAM 
Outside Static Test Program 
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FIGURE 5-7 

OUTSIDE STATIC TEST FACILITY CONTROL TRAILER LAYOUT 
Data Acquisition Systems Arrangerr.ent 
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recorded on a 32-track Model PR2200 Anpex tape recorder, and the pressures and fan 
exit temperatures were recorded on a 14-track Model 1400 Ampex recorder. Tempera- 
ture and pressure measurements were recorded simultaneously on both the digital 
Vidar system and the analog tape recorder systems. Separate high response pressure 
transducers were used for the analog pressure measurements. These were connected 
in parallel with the scanivalve transducers. Time code and voice tracks were 
included on each recorder. 

Monitoring Systems 

Two Honeywell Type 1858 CRT Visicorder oscillographs were utilized to monitor 
and display selected analog data. One oscillograph unit was used to monitor 
directly the on-line variations in selected temperatures, pressures, and fan speed. 
The other unit was used for displaying playback information recorded on the tape 
recorders. 

Two 7-bank oscilloscope units were used to visually monitor selected time 
variant signals being recorded on the two tape recorder units. Each bank had the 
capability to display two signals, providing a total signal display capability of 
28 channels. 

Ambient atmospheric conditions were measured some distance away from the model 
and displayed on digital readout panels located in the trailer control room. Ambient 
temperature, wind velocity, wind direction, and barometric pressure were visually 
monitored and hand recorded. 

The gas generator operating conditions were visually monitored and recorded 
by hand including the engine speed, exhaust gas temperature, cil pressure and 
temperature, fuel pressure, and engine vibration. The turjotip fan bearing tem- 
peratures and fan vibration levels, together with fan rpm (as a backup), were 
monitored and hand recorded. The above i. strumentation was all included on the 
engine and fan control console in the control room. The same control unit was 
used for propulsion system operation in both the 40’ x 80’ tunnel and outside 
static test facilities. 
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6. WIND TUNNEL TEST PROGRAM 


The test program conducted in the wind tunnel is described in the following 
sections* 

6*1 TEST CONDITIONS 

Powered lift configuration testing was conducted at several values of tunnel 
dynamic pressure at constant fan speed to obtain the desired variation of jet 
velocity ratio. Aerodynamic lift configuration testing was conducted at a constant 
value of dynamic pressure over a range of fan speeds to obtain a variation in inlet 


mass flow ratio. Test dynamic pressure values, Reynolds number 

per unit length 

and nominal 

. jet exit 

velocity ratios and mass flow ratios are suiamari:?:ed below. 




Preliminary Testing 


Dynamic 

Pressure 


Reynolds 

Number per Unit 

Nominal Jet 


Length at 

Standard Atmos- 

Exit Velocity Ratio 

(PSF) 

(N/m^) 


pheric Conditions 

(Nf/v'<?To= 3600 RPM) 




Per Foot 

Per Meter 


1.35 

65 


0.22 X 106 

0.72 X 10^ 

0.12 

5.5 

260 


0.43 X 10^ 

1.41 X 10^ 

0.25 

12.3 

590 


0.65 X 10^- 

2.13 X 106 

0.4 

21.9 

1050 


0.87 X 106 

2.85 X 10^ 

0.5 

34.2 

1640 


1.08 X 106 

3.54 X 106 

0.6 

49.2 

2360 


1.30 X 106 

4.27 X 1Q6 

0.7 



Powered 

Li ‘ ■ Confis 

juration Testing 


Dynami c 
(PSF) 

Pressure 

(N/m^) 


Reynolds Number per Unit 
Length at Standard Atmos^ 
pheric Conditions 

Nominal Jec 

Exit Velocity Ratio 

(Nf/\^Tq= 3600 RPM) 




Per Foot 

Per Meter 


1.35 

65 


0.22 X 1Q6 

0.72 X 10^ 

0.12 

3.3 

160 


0.34 X 106 

1.12 X 10° 

0.20 

7.0 

335 


0.49 X 10^ 

1.61 X 10^ 

0.29 

12.3 

590 


0.65 X 106 

2.13 X 10^ 

0.39 

19.2 

920 


0.31 X 10^ 

2.66 X 10° 

0.48 



Aerodynam: 

ic Lift Con: 

figuration Testing 


Dynamic 

Pressure 


Reynolds 
Length at 

Number per Unit 
Standard Atmos- 

Mass Flow Ratio, 

(PSF) 

(N( m“) 


pheric Conditions 

Ao/Ahl 5 Np/v-Tg 




Per Foot 

Per Meter 


34.2 

1640 


1 ^8 X 10^ 

3.54 X 10® 

0.6o i 1600 RPM 
O.s: i 2150 RPM 
1.00 } 2700 RPM 
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Model Variables 

Model variables included twelve configuration variables, fan speeds, angle of 
attack and sideslip. 


Preliminary Testing - Initial testing (Runs 1 through 28) was conducted to 
identify basic model characteristics (flap effectiveness, symmetrical aileron 
effect: veness and lift variation with angle of attack), the induced lift charac- 
teristics of the lift cruise unit alone, the incremental effects of the nose lift 
unit and the flow field characteristics at the horizontal tail location. A summary 


ot variables tested is shown below. All 
rake on and the horizontal tail off. 

Variable 

^u 

3 

'^LC 

^NL 

^f 

^a 

^'r 

q 

Nf/ e 

Nose Gear 
Nose Lift Unit 
Inlet Covers 


testing was conducted with the flow survey 


Range 

-4“ to 32“ 

0 “ 

0“ to 90“ 

0“ to 90“ 

0“ to 30“ 

0“ to 15“ 

Off, Flow Survey Rake On 
0 “ 

0 to 2360 (0 to 49.2) N/n“ (PSF) 
1600 to 3600 rpm 
Off 

Open and Covered 


Powered Lift Configuration Testing - Powered lift configuration force and 
moment data were obtained with the horizontal tail on and off for selected 
combinations of lift cruise unit geometric deflection (-LC) nose lift unit 
geometric deflection (o^l) ^°r jet velocity ratios (Vq/Vj) representative of the 
resultant vector angle (3j). The effect of sideslip angle was investigated at 
angles of attack of 0® for olc/^Nl 90®/90°, 56®/43® and 23®/43® and 8® for 
“^LC/^NL of 56® /43®. Horizontal tail effectiveness was determined for all 
configurations tested. Effects cf yaw vane deflections were tested at “ 

90''/9G®; effects of aileron deflection and nose gear extension were tested at 
flc/^NL * 56®/43®; and the effects of rudder deflection were tested at “ 

38®/43®. A summary of powered lift configuration testing is shown below. Flaps 
and ailerons were set at 15® and 10®, respectively, for all these tests. 
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^LC 

(DEG) 

°NL 

(DEG) 

Nominal Vq/Vj 
Range 

Comments 

90 

90 

0.12 

to 0.29 

Hor. Tail off; 3 variation at 
a - 0®; yaw vane ef fectivei.ess 

71 

55 

0.12 

to 0.29 

Very limited testing 

56 

43 

0.20 

to 0.39 

Hor. tail off; 3 variation at 
a - 0°, 8®; aileron control 
power; nose gear effect; thrust 
modulation ports open 

38 

43 

0.29 

to 0.48 

Limited testing; rudder 
Effectiveness 

23 

43 

0.29 

to 0.48 

Hor. tail off, 5 variation at 
a * 0^ 


Aerodynamic Lift Configuration ~ Aerodynamic lift configuration date* were 
obtained at a tunnel dynamic ’^'ressure of 1640 N/m^ (34*2 PSF). Corrected fan 
speeds were varied from 1600 RJM to 2700 RPM to obtain desired mass flow ratio 
variation. Testing conducted included horizontal tail control power, aileron 
control power and rudder control power in addition to variations in angle of 
attack and sideslip. 


MCtyOISilSiEUL. AmCRAFT COMRAIMV 

6-3 



MDC A4318 


6.2 TEST PROCEDURES 
Static Calibration 

The propulsion system was calibrated at zero tunnel airspeed with the over- 
head tunnel doors open. Each lift/cru:se unit geometric deflection was tested 
separately. Static force and moment data were obtained at corrected fan speeds of 
2000, 2900, 3600 and ^100 RPM. In addition, static calibrations were repeated for 
5 lc “ 0^ corrected fan speeds of 1600, 2150 and 2700 RPM. '^he nose lift unit 
was calibrated for nose lift unit geometric deflection from 30® to 104® at 
approximately 10® increments at corrected fan speeds of 2000, 2900 and 3600 RPM. 
Preliminary Testing 

In order to provide insight into the sources of power induced force and moment 
increments identified during testing of the powered lift configuration, the initial 
testing examined the individual effects of the lift/cru^se unit and nose lift 
units. The lift/cruise units were tested over a lar^^e jet velocity ratio range 
with the nose lift unit inlet covered and 5xL = 0® to obtain the effect of the 
lift/cruise units alone. The nose lift unit was tested at a corrected fan speed 
of 3600 RPM for “ 35® to 90® with the lift/cruise unit at olq = 0® and 
corrected fan speed of 3600 RPM and with the lift /cruise units windmilling (power 
off). Also, the nose lift unit was tested at = 50® with the lift/cruise unit 
at OLC “ 56®. For these tests the horizontal tail was off and the flow survey 
rake was installed. 

Powered Lift Configuration 

The major test parameters for the powered lift configuration were jet velocity 
ratio and resultant thrust vector angle. Testing was restricted to the jet 
velocity ratios which are likely to be experienced in flight at a resultant thrust 
vector angle. In order to provide realistic results the combinations of lift/cruise 
unit and nose lift unit geometric deflection were selected to provide an approximate 
pitching moment balance at applicable jet velocity ratios. The table below 
summarizes the combinations selected: 


LC 

'ML 

90 

90 

71 

55 

56 

43 

33 

43 

23 

43 


The objectives of the powered lift configuration testing were to determine induced 
Hft and drag characteristics, and to evaluate longitudinal and lateral-directional 

MCOQIMNEUU Amcn/XET COMt»A/SiY 

6-4 



MDC A4318 


stability and control characteristics. 

Aerodynamic Lift Configuration 

The primary test parameter for the aerodynamic lift configuration was the mass 
flow ratio (Aq/Ajil) for the lift/cruise unit fan inlets. Data were obtained at 
three values of mass flow ratio. 

The objectives of the aerodynamic lift configuration testing were to establish 
the base line with which to compare the lift and drag characteristics of the powered 
lift characteristics, and to evaluate overall longitudinal and lateral-directional 
stability and control characteristics. 
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6.3 DATA REDUCTION 

Force and moment data were obtained using the standard data procedures of the 
40’ X 80' wind tunnel. The measured data (balance data corrected for appropriate 
weight tares) were not corrected for wall interference effects, e:cposed tips of the 
model support struts, or strut interference effects. Therefore, the measured data 
includes all aerodynamic, propulsion, and interference forces acting on the model. 

A major objective of the test was to determine the aerodynamic characteristics 
of the configuration at various tunnel and propulsion system operating conditions. 

In order to identify these aerodynamic characteristics, the measured forces (moments) 
were separated into a propulsion sys^’em component and an aerodynamic component. The 
direct propulsion system component is the vector sum of the gross thrust and inlet 
ram drag with propulsion units operating. The total aerodynamic component is the 
difference between the measured data and the direct propulsion system component. The 
aerodynamic component is divided into two components - an aerodynamic component at a 
reference condition and a propulsion system induced aerodynamic component. 

Method of Determining Gross Thrust and Mass Flow Rates 

The primary propulsion system performance parameters that were calculated 
during the 40' x 80' test program included the gross thrust (Fq) , ram drag (F^:\^l) , 
jet velocity ratio (Vo/Vj), and inlet mass flow ratio (Aq/Aj^]^) for all three propul- 
sion units. 70 basic quantities were determined from measurements taken on the fan 
and tip turbine exit rakes, namely the mass flow rates (w) and ideal exit velocities 
(Vj) for each component of each lift unit. The fan exit and turbine exit mass flows 
and ideal velocities were calculated using a mass-weighting technique for each indi- 
vidual rake probe. The equations for calculating tie propulsion performance param- 
eters are as follows: 

Gross Thrust (Fq) = Fj x Cp = [ (w x -f (w x 

Ram Drag (Fram) = (wTURB «FAN) 

Jet Velocity (Vj) = Fq/ (wjurr + 

inlet Mass Flow (w^) =* ^*TURB 

The mass flow rate (w) of each flow stream was calculated from the continuity equa- 
tion using the static pressures, total pressures, and total temperatures to compute 
the flow properties. The ideal exit velocity (Vt-), which is the isentropic or maxi- 
mum velocity that can be obtained expanding the exit flow through a 2 ero loss nczcle, 
was also calculated from the static pressure, total pressure, and total temper itures 
measurements used to compute flow properties. The thrust calibration coefficic^nt 
(Cp) in the above equations was determined for each vector position for each unit 
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from the static calibrations. This parameter was shown to be essentially 
constant with fan speed and was assumed to be non-varying with forward speed for 
the analyses performed in this test program. The thrust calibration coefficient 
equals the ratio of the balance-measured static ai d gross thrust (F3) to the rake- 
measured static iaeal thrust (Fj). The resultant thrust vector angles determined 
from the static calibrations were also shown to be essentially constant with fan 
speed. 

Method of Removing Direct Propulsion System Component 

The propulsion system direct effects were modeled by three terms, i.e., thrust 
vector angle, gross thrust and mass flow rate. The equations and constants that 
were used are presented in Figure 6-1. In order to use the in-tunnel static cali- 
bration obtained with the propulsion unit installed in the model as the basic 
propulsion unit performance, the following assumptions were required. 

o The induced loads on the model w^hen operating one prc pulsion unit at a time 
are negligible. 

o The fan-rake- measured mass flow rate is measured at an acceptable level of 
accuracy. 

o The resultant thrust angle is a function of geometric deflection angle 
and is unaffected by tunnel freestream velocity. 

Aerodynamic Reference Configuration 

The reference configuration has a significant effect on determining the magni- 
tude of the induced characteristics. The reference configuration selected for this 
test is the aerodynamic lift configuration (-lc “ > nose fan inlet covered) at 

unit mass flow ratio (Aq/A^ = 1.0) with all aerodynamic controls deflected the 
same as for the powered lift configuration. It should be noted that this definition 
of reference configuration implies that the incremental induced lift and drag 
include the effects of the external wetted surface of the lift/cruise nozzles, and 
the nose lift fan inlets and exits as well as thr^ induced effects of the captured 
stream tubes on the aerodynamic forces and on the other propulsion units. 

All powered lift conf iguiation data were obtained with flaps deflected 15"^ and 
ailerons deflected 10®. Due to test limitations, the aerodynamic lift conf iguration 
was tested with these flap and aileron deflections only during the preliminar;/ test- 
ing. Consequently, clean configuration (flap and aileron at 0° deflection) data was 
used to establish the incremental effects of horizontal tail, landing gear, and flow 
survey rake. A discrepancy occurred in the drag data with the addition of the 
horizontal tail at low angles of attack in that drag was reduced instead of increased 
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as expected (see Section 8.6). 

In establishing the drag of the reference configura- 

tion, the following test results 

and assumptions 

were used; 

Item 

Incremental Dtag Coefficient at Cj^ = 0.25 
(Based on Wing Area) 

Nose Gear 


0.0100 

Flow Survey Rake 


0.0070 

Horizontal Tail (5jj * 0°) 


0.0000 

Flap (5p = 15') and 
Aileron (o^ = 10“ /lO') 


0.0165 

Beloi; is the summary tabulation of the aerodynamic coefficients of the 

reference configuration at selected conditions: 


0 Nose Gear On, = 0“ , 5 

p = 15“ , dg = 10 

“710“ 

Angle of 
Attack (deg) 

Sk 

Sr 

0 

0.325 

0.0705 

8 

0.869 

0.1033 

16 

1.36 

0.246 

o Nose Gear On, Horizontal 

Tail Off, 5p = 

15“ , 5^ = 10“/10“ 

Angle of 
Attack (deg) 

% 

S 

0 

0.355 

0.0710 

8 

0.843 

0.1009 

16 

1.28 

0.232 

0 Nose Gear Off, Flow Su: 

ey Rake On, tp =• 

15“ , -a = 10“ 

Angle of 
Attack (deg) 



0 

0.355 

0.0630 

8 

0.843 

0.0979 

16 

1.28 

0.229 
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FIGURE 6-1 

EQUATIONS FOR MODELING DIRECT PROPULSION SYSTEM COMPONENTS 


Force Data 

Direct Thrust (No Yaw Vane Deflection) 
L = Fq sin (d + a) 

D Fq cos (0 + a) 

Y = 0 


Effect of Inlet Mass Flow Rate 
L = 0 

D = Vq W cos (i3)/g 
Y = -Vq W sin (;3)/g 

Moment Data 

m = 0 I [WL - ('.VUrc'i [cos (a)] - [FS - (FS)rc' [«'c 

- L I [FS - (FS)pq! (cos (a)l [WL - (WDr^I [sin (a, ^ 

SL = y|[WL-(WL)rc1 [cos (all -[FS-(FS)p-i [sin 'ai! f 
-L [BL-(8 L)rc1 

n = - Y j [FS - (FS)rc’j [cos (all ■ [WL - (WLIrc- ’ (a'', ,• 

+ 0 [BL-(BL1rc1 
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CONSTANTS FOR MODELING DIRECT PROPULSION SYSTEM COMPONENTS 



FS 

WL 

BL 

Model Refetence Center 

276.29 

30.22 

0.00 

Nose Fan Inlet 

114.40 

90.80 

0.00 

Gas Generator Inlet for Nose Fan 

238.10 

104.50 

0.00 

(Avg Both 
Sides) 

Lef: Lift Cruise Fan Inlet 

282.00 

89.60 

-51 24 

Gas Generator Inlet for Left Lift Cruise Fan 

203.90 

8c.no 

-33.00 

Right L.ft Cruise Fan Inlet 

282.00 

89 

51 24 

Gas Generator Inle^ for Right Lift Cruise Fan 

203.90 

80.00 

33.00 

Nose Fan Thrust Center 

117.05 

1 54.S0 

0.00 

Lift Cruise Fan Thrust Center 


I 


Left ^LC'3® 

354.50 

89.. 0 

' -51 24 


354.50 ! 

1 

89 6o 

1 51 24 

i , 


Note: All dir.ensicns are r.odel scale in inches o<> 76 c«22 :so 
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7. OUTSIDE STATIC TEST PROGRAM 

A description of the outside static test program, including the test conditions, 
test procedures, and data reduction employed, is presented in the sections that 
follow. 

7.1 TEST CCXDITIQNS 

The purpose of the outside static test program was to evaluate the ground 
effects on the three fan v/STOL aircraft concept. Spt *.fic objectivew of the test 
program were to measure the effects of ground height on total installed lift and 
on inlet reingestion. The model was tested at three ground heights of 21.0, 8.3, 
and 3.3 feet, corresponding to ri/D*s of 6.45, 2.55, and 1.02, respectively. 

Landing gear height for this conf igu’^ation corresponds to an H/D of approximately 

1.02 the height being measured fron the L/C nozzle exits as shown in Figure 5-2. 


Initial testing was conducted at the 21.0 foot reference height, followed by tests 
at the lowest h ight of 3.3 feet, and then finishing up at the intermediate height 
of 8.3 feet. The effects of tan speed variations, thrust vector angle, exhaust 
jet splaying, and inlet shielding were also evaluated. The specific test conditions 
and model variable evaluated in the ground effects test program are summarized in 
the below table: 


o Model Height, H (ft) 

0 Fan Speeds, rjo 

o Nose Unit Geom. Deflection Angle, 
o Nozzle Yaw Vane Deflection Angle, 
o Gas Generator Inlet Shield Sizes 
o Inlet Shield Angle, :5 (deg) 


21.0, 8.3, 3.3 
2000, 2900, ibOO. 4100 
CNL (deg) SO, 95, 102 
(deg) 0, +12 

Large, Small 
0, 45, 90 


All remaining model test %*ariabies were held at constant values as given below: 
o Lift/Cruise Geometric Deflection Angle, 90® 


c Aileron Deflection Angle, 10® 
0 Flap Deflection Angle. 15® 
o Rudder Deflection, 0® 
o .Iori4:ontal Stabilatver Deflection 0® 
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In addition to the ground effects testing, calibration runs were made on the 
lift/cruise and nose lift units for comparison with the data obtained in the 
40’ X 80’ wind tunnel tests. Also, a fan performance map was generated for the 
T53-8B/X376B propulsion system ror reference purposes. It was generated varying 
the following parameters using the L/H lift/cruise unit: 

o Percent Correcte'^ Fan Speed, % Mp/ / cXq (RPM) 40 to 100 
o Nozzle Exit Area, A^^ (in^) 930, 1075, 1385 

o Nozzle Deflection Angle, 5 lc 0 

The model instrumentation utilized was identical to that of the 40' x 80' 
wind tunnel tests. The primary quantities measured during the static test were the 
same as those considered primary in the tunnel tests and included the following: 

o Balance-measured Forces and Moments 
o Rake-neasured Fan Performance including: 

- Ideal Thrusts, and' Fiturb. 

- Airflow Rates, and ^XURB. 

* Nozzle Total Pressure Ratio, NPR 

- Jet Velocity, Vj 

- Jet "otal Temperature, Tj 

o Rake-measured Inlet Performance including: 

- Inlet Recovery and Distortion, Piz/^Xq and 
Inlet Total Temperature Level, T^^ 

In addition to the above measurements, flow visualization runs were also performed 
at selected test conditions. The test procedures utilized in conducting the static 
test program are dis»-ussed in the section that follows. 
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7.2 TEST PROCEDURES 

The tests conducted during this program included the following: 
o Individual Unit Calibration Runs 
o T58/X376B Fan Performance Map Generation 
o Three Unit Operation Ground Effects Testing 
o Individual Unit Operatior ground Effects Testing 
o Flow Visualization Tests 

The specific tests at the 21-foot height included the following: 
o Reference Height Ground Effect Tests, all units in operation 
o Calibration Runs on each unit individually 
o Fan Map Performance Run, left unit only 
At the two lower heights tested, individual unit performance runs were conducted 
on each unit separately, the three-unit operation ground effects performance runs, 
were accomplished and flow visualization runs made. At each ground height, all 
model test variables listed in Section 7.1 were varied in a systematic manner to 
provide parametric data. The test sequence and approach employed for each specific 
test conducted are described below. 

Fan Performance Map 

A T58/X376B fan map was generated at the start of the test program utilizing 
the left lif t/cruise unit. The test was conducted at a height of 21.0 feet wi*h a 
vector angle of 0®. Three specific nozzle areas were installed on the model in 
the cruise mode and fan speeds were varied from 1900 to 4100 rpm (40% to 100%) in 
10% increments. Force and mouent and steady state pressure and temperature data 
were recorded. 

Calibration Runs 

The individual unit calibration runs were performed at a height of 21.0 feer 
(H7D = 6.45) following the fan mapping test. The lift/cruise units were vectored 
90® 'ind fan speeds were varied from 2000 to 4100 rpm on each. The nose lift unit 
./A.3 tested at manually positioned vector angles of 40, 60, 30, 95 and 102 degrees 
while varying tae fan speed for each vector angle from 2000 to 41u0 rpm. Splay 
angles of 0® and 12® were also ^ested for each unit utilizing the yaw vanes. Force 
and moment balance data alon^ ..a digital steady state pressure and temperature 
data were recorded. 
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Three Unit Ground Effects Testing 

The ground effects test sequence with all three units in operation was 
conducted at all three ground heights. Force and monient data along with inlet 
reingestion data were recorded for each test point simultaneously, utilizing the 
digital Vidar and analog tape recorder systems. The test sequence went as follows: 

o Beginning zero’s were taken, ambient conditions recorded, the tape recorders 
and monitoring Visicorders were turned on, and the three engines were 
started and brought to idle. The two L/C units were brought up to their 
desired speeds simultaneously, and then the forward unit was brought up to 
speed. 

o When steady state conditions were reached, the Vidar data system was 

actuated. Ambient conditions were recorded by hand three times throughout 
the test point at 30 second intervals. Apprcximateiy 90 seconds were 
required for acquisition of the Vidar data. A time sequence log was 
recorded by hand for the tape recorder units to serve as backup to the 
automatic time code generator. 

o The tape recorders and monitoring Visicorder were left on during a 

complete run, including the excursions between each test point and during 
the engine shutdown sequence. A given run lasted anywhere from 5 minutes 
to 45 minutes, depending on the number of test points. 

o At the end of a run, the engines were brought to idle conditions and the 
tape recorders and monitoring Visicorder turned off. After allowing time 
for engine cooling, they were shut off and und zeros were take i and ambient 
conditions recorded. 

The only model test variable that was remotely controlled was fan speea. A given 
run therefore included only rpm variations. The louver angles, yaw vane splay 
angles, and shield angles were sec manually between each run. 

Individual Unit Ground Effects Testing 

The ground effects tests on the individual un: were conducted in similar 
fashion as described above. Each unit was run individually over an rpm range 
from 20C0 to 4100 rpm, while varying the louver and/or splay angles. In addition 
to the individual u..it runs, combination runs were performed on the two lift/ cruise 
units. The purpose of these tests was to evaluate the differences betwee.. tne 
individual and combined effects of unit operation on the force and moment aata. 

Inlet reingestion data were also measured during these individual tests. 
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Flow Visualization Tests 

The test model was equipped with Corvus oil injection nozzles located down- 
stream of the engine in the hot gas interconnect ducting on all three units. At 
selected intervals during the test program, flow visualization runs were perfo'o*ed. 
The Corvus oil generated dense smoke in the hot stream of each unj.t, and both 
normal speed (24 frames/sec) and high speed (250-500 frames/sec.) color movies were 
taken. Still color photos were also taken during selected runs. The engines were 

throttled to fan speeds of 2000 rpm on all three units, and then the Corvus oil 
line valve was opened to supply oil to all three units simultaneously. Run 
duration was approximately 10 seconds each. Both the normal and high speed cameras 
were activated simultaneously prior to oil injection, and were run through the 
duration of the transient to steady state development of the visualized flow field. 
Camera angles from the front and side of the model were used, but not simultaneously. 
Both the Vidar and analog data systems were operated just before the flow visuali- 
zation tests. 
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7.3 DATA REDUCTION 

Four separate data reduction packages were generated during the outside static 
test program. These data reduction packages included the following sets of reduced 
data: 

o Load Cell and Fan Speed Data 
o Pressure and Temperature Data 
o Propulsion System Performance Data 
o Analog Temperature and Pressure Data 
A description of each data package is presented in the following sections. 

* • c 11 and Fan Speed Data Package 

each test point, the load cell forces and fan speeds were recorded 
times on the Vidar system at a rate of 0.3 second per measurement. The arith-* 

« average of the 48 recordings was determined for each component force and fan 
speed and printed out on a summary page that included the following reduced data 
calculations : 

o Normal, Axial, and Side Forces 
o Left, Right, and Nose Fan Speeds 
o Pitching, Yawing, and Rolling Moments 
o Result\nt Flow Vector Angles 

These -fata were processed on an IBM 360 computer at NASA/ Ames utilizing the Vidar 
recorded punched paper raw data tapes. 

Pressure and Temperature Data Package 

For each test point, all model pressures and tempera w. es were each recorded 
one time on the Vidar digital system using a scan rate of O.S second per port. 

The pressure and temperature data package consisted cf a listing of all quantities 
measured including the following: 

o All Model Pressures in Ratio Form (P/PaMj) 
o All Temperatures in °F 

o Left, Right, and Nose Fan Speeds ( ^3 readings) 

Other than the ratioing of the pressure measurements, and the conversion of the 
temperature and fa'* speeds to their respective units, no further data reduction 
was done. This data package was also processed on the IBM 360 computer using the 
Vidar recorded punched paper caw data tapes. 

P ropulsion System Periormance Pat? Package 

The propulsion system performance data package used in the outside stativ. test 
program was identical to that utilized in the 40’ x 80’ tunnel test program. The 
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performance program utilized the Vidar digital output from the pressure and 
temperature data package described in the previous section, and calculated all 
steady state propulsion system performance parameters required for analysis. The 
primary performance parameters that we*e calculated and printed out for each lift 
unit included the following: 

o Fan and Tip Turbine Performance Data 

- Total Corrected Airflows 

- Nozzle Total Pressure Ratio 

~ Ideal Gross Thrust 

- Corrected Fan Speeds 
Ideal Fan Horsepowers 

- Nozzle Jet Velocities 

- Nozzle Exhaust Jet Temperatures 
o Inlet Pe^-formance Data 

- Total Pressure Recovery and Distortion 

- Average Inlet Total Temperatures and Distortion 

Severn!! additional quantities were also calculated and printed for each component 
of each propuls ^on system unit, mainly the basic flow properties calculated 
for determining the above parameters. The propulsion system data package was 
also processed on the NASA/ Ames IBM 360 computer. 

Analog Pressure and Temperature Data 

The time variant pressure and temperature data recorded on the two tape 
recorders was reduced simply by playing back the tapes for specific runs and 
recording the analog output on oscillograph paper. All inlet temperatures and 
selected fan and turbine exit pressure and temperatures were recorded. The reduc- 
tion of selected data from specific runs was accomplished at certain intervals 
throughout the test program to insure proper operation of the data acquisition 
process. 
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8. WIND TUNNEL TEST RESULTS 

The results of the 40* x 80* Wind Tunnel Test program are presented in this 
section The basic aerodynamic characteristics of the model, along with the 
propulsion system perfortaance characteristics, are presented for both the powered 
lift and aerodynamic life configurations. The model was primarily tested at 
constant corrected fan speeds, while varying tunnel speed to achieve variations 
in jet velocity ratio. No airframe static pressure data are presented in this 

report because of problems encountered in the reduction process. 

8.1 PROPULSION SYSTEM STATIC CALIBRATIONS 

The results of the propulsion system static calibrations are presented in 
Figures 8.1-1 through 8.1-13, for the left and right lift/cruise and nose lift 
units. The balance-measured static gross thrusts, the rake-measured ideal gross 
thrusts, and the resultant thrust vector angles for each unit are preser. _d, along 
with the resultant thrust calibration coefficients that were determined and uti- 
lized throughout the forward speed tunnel tests. The static calibrations on the 
individual units were performed in the 40* x 80’ tunnel, with the units installed 
in th~ model. 

The balance-measured static gross thrusts for the left, right, and nose lift 
units are presented in Figures 8.1-1 through 8.1-4, respectively. The resultant 
static thrust is plotted versus the square of the fan speed (to linearize the 
variation) for each vector angle where a fan speed range was tested. 

The rake-measured ideal gross thrusts for the three units are presented in 
Figures 8.1-5 through S.1-3. These data are presented in the same manner as the 
force data, for the same identical test points and vector angles. The rake 
determined ideal gross thrusts for both the fan and tip turbine exit flows were 
calculated using an individual probe mass -weigh ting technique utilizing the fan 
and turbine pressure and temperature measurements made at the stator exits of 
each. 

The thrust calibration coef f icieiit , defined here as the ratio of the actual 
balance-measured static thrust to the rake-measured ideal thrust (Fs/Fx'^j 
determined for each geometric vector angle for all three propulsion units. A 
representative plot of balance thrust and ideal thrust versus fan speed squared 
is presented in Figure 3.1-9 for the left lift/cruise unit at a nozzle deflection 
angle of 90^. The thrust calibration coefficient (Cp) was determined by ratioing 
the slopes of the two linearly faired curves, as illustrated in the figure. The 
nozzle thrust coefficient determined in this manner remains constant with corrected 


3-1 


MDC A4318 


fan speed. Comparison of the measured data points with their linearized fairings 
for all units at each vector angle over the fan speed range of interest showed a 
tolerance band of +2% on the thrust calibration coefficients. 

The thrust calibration coefficients for the left and right lift/cruise units 
are presented in Figure 8.1-10. As shown in the figure, both units have similar 
performance characteristics with vector angle, with the right unit exhibiting 
approximately 1% greater nozzle thrust calibration coefficients across the vectored 
range. The nose lift unit thrust calibration results are shovm in Figure 8.1-11. 
The nozzle vectoring performance is a maximum at the 70® vector angle, as expected. 
This is due to the installation of the nose fan at a forward tilt angle of 15® 
with respect to a waterline. 

The resultant thrust vector angles plotted against corrected fan speed for 
the left, right, and nose fan units are presented in Figures 3.1-12, 8.1-13, and 
8.1-14, respectively. As shown in these figures, the resultant thrust vector 
angles for each lift unit vary only slightly with fan speed, and were therefore 
assumed to be constant. These resultant thrust vector angles were calculated 
using the normal, axial, and side force components of the balance data. 

The resultant thrust vector angles used in the analysis of the data in this 
report are summarized and presented in Figures 8.1-15 and 8.1-16, for the lift/ 
cruise units and nose fan units, respectively. As stated above, the flow vector 
angles were assumed to be constant versus fan speed for each unit. The right and 
left lift/cruise vector angles were almost identical, and therefore the same values 
were used for both units. The nose unit values used in the data analysis are 
shown in Figure 8.1-16. 

The static pitching moment variation for both the lift/cruise and nose lift 
units as a function of their respective nozzle deflection angles is presented in 
Figures 8.1-17 and 8.1-18. 
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FIGURE 8.1-1 

LEFT LI«=T/CRUISE UNIT STATIC THRUST 
Propulsion System Calibration Data 

Vo = 0 
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FIGURE 8.1-3 

NOSE LIFT UNIT STATIC THRUST 
Propulsion System Calibration Data 
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0 GP7« 0622 16 


Ai$9Ci9Arr 

3-5 








MCOOIvniBLU AmCKABT COMPANY 

8-6 










5 

< 



a: 





AinC09A^T CGM¥»AMY 






MDCA4318 


FIGURE 8.1-8 

NOSE LIFT UNIT IDEAL THRUST 
Propulsion System Calibration Data 



Corrected Fan Speed Squared. [Nc/v’''*t x 10 ® 
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FIGURE 8.1-9 

THRUST CALIBRATION COEFFICIENT DETERMINATION 
Left Lift/Cruise Unit 
SlC“90° 



Corrected Fan Speed Squared, [Np/V^Tq^ ^ * (mm)^ x 10 
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FIGURE 8.1-10 

LIFT/CRUISE UNIT THRUST COEFFICIENTS 
Propulsion System Calibration Results 

Vo = 0 



' Geometric Deflection Angle, SL^-deg 
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FIGURE 8.1-12 

LEFT LIFT/CRUISE UNIT THRUST VECTOR ANGLES 
Propulsion System Calibration Data 



2000 3000 4000 


Corrected Fan Speed, - rpm 
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FIGURE 8.1-13 

RIGHT LIFT/CRUISE UNIT THRUST VECTOR ANGLES 
Propulsion System Calibration Data 

Vo-0 
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FIGURE 8.M4 

NOSE LIFT UNIT THRUST VECTOR ANGLES 
Propulsion System Calibration Data 
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FIGURE 8.1-15 

LIFT/CRUISE UNIT THRUST VECTOR ANGLES 
Propulsion Syst3m Calibration Results 

• Vq = 0 
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FIGURE 8.1-16 

NOSE LIFT UNIT THRUST VECTOR ANGLES 
Propulsion System Calibration Results 

Vo-0 
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FIGURE 8.1-17 

STATIC PITCHING MOMENT VARIATION WITH LIFT/CRUISE UNIT 
GEOMETRIC DEFLECTION ANGLE 
Np/VS^= 3600 RPM 
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RGURE8.M8 

STATIC PITCHING MOMENT VARIATION WITH NOSE LIFT UNIT 
GEOMETRIC DEFLECTION ANGLE 
Nf/v^5t^-3600 RPM 
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8.2 PROPULSION SYSTEM PERFORMANCE 

The primary performance parameters measured on all three lift units for all 
test points consisted of the gross thrust, ram drag, jet velocity, and mass flow 
ratio. The typical variation of these parameters with forward speeu s shown in 
Figures 8.2-1 and 8.2-2 for the left lift/cruise and nose lift units, respectively. 
The data are presented for a constant corrected fan speed at an angle of attack 
of zero for a fixed nozzle deflection angle. 

The effects of angle of attack on the variation of the propulsion system 
performance paraiaeters are presented in Figures 8.2-3 through 8.2-5. The 

powered lift mode angle of attack range tested varied from -4® to -^20®. Per- 
formance data variation for this a range is presented in Figures 8.2-3 and 8.2-4 
for the lift /cruise and nose fan units, respectively, at two different tunnel 
velocities. As Is shown in the figures, the prltaary performance parameters were 
constant over the range of powered lift angle of attack tested. Cruise mode 
testing was conducted over a larger angle of attack range up to and including 
32.5®. Figure 8.2-5 shows the variation in performance at the higher angle of 
attack for the left lift/cruise unit, operating at a constant tunnel velocity at 
the three fan speeds tested in this mode. As shown in the figure, all parameters 
were maintained at constant values up to an a of 16®. The data at the higher 
angles of attack begins to deteriorate rapidly due to the flow separation in the 
inboard w^ng panel ahead of the lift/cruise inlet. 

The effects of forward speed on the lift/cruise and nose lift unit gross 
thrust and jet velocity ratios at alternate thrust vector angles are shown in 
Figures 8.2-6 and 8.2-7. As shown in both figures, the forward speed tended to 
improve the thrust ratio variation of the larger deflection angle configurations 
(those with the lowest static thrusts) at ,a higher rate. Comparisons of the 
lift/cruise and nose unit thrust variation with forward speed are shown in Figure 
8.2-8 for nozzle deflections of 90®. Only a slight difference in nose unit 
thrust variation was experienced with this propulsion system. 

A summary of the inlet mass flow ratio data as a function of tunnel and fan 
speeds is presented in Figures 8.2-9, 8.2-10^ and 8.2-11 for the left and right 

lift/cruise and nose lift units, respectively. A summary correlation of the jet 
velocity ratio data is also presented in like manner for the three propulsion 
units in Figures 8.2-12 8.2-13 and 8.2-14. 
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FIGURE 8^-1 

LIFT/CRUiSE UNIT TYPICAL PERFORMANCE CHARACTERISTICS 

Left Lift/Cruise Unit 

a-0® N|:/v'9t^»3600RPM «lC*“56“ 
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FIGURE 8 2-2 

NOSE LIFT UNIT TYPICAL PERFORMANCE CHARACTERISTICS 
a - 0® 3600 &NL ° ^ 
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FIGURE 8^-3 

ANGLE OF ATTACK EFFECT ON LIFT/CRUISE UNIT PERFORMANCE 

Left Lift/ Cruise Unit 

Np/V^ “ 3600 RPM 5 Lc = 56° 
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FIGURE 8^4 

ANGLE OF ATTACK EFFECT ON NOSE LIFT UNIT PERFORMANCE 
N fA/5t^ = 3600 RPM 5 ml = 43® 
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FIGURE 8.2-5 

EFFECT OF HIGH ANGLES OF ATTACK ON PROPULSION 
SYSTEM PERFORMANCE 
Left Lift Cruise Unit 

Vo = 103Kts 
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FIGURE 8.2-6 

FORWARD SPEED EFFECT ON LIFT/CRUISE UNIT PERFORMANCE 

Left Lift/Caiise Unit 

a - 0® Np/v^^ » 3600 RPM 
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FIGURE 8.2-7 

FORWARD SPEED EFFECTS ON VARIOUS NOSE UNIT VECTOR ANGLES 

ft - 0° N p/V^ * 3600 RPM 
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FIGURE 8.2-8 

COMPARISON OF FORWARD SPEED EFFECTS ON THE 
LI FT/CRUISE vs NOSE LIFT UNITS 
O - 0® » 3600 RPM 
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FIGURE 8.2-9 

MASS FLOW VARIATIONS WITH FORWARD SPEED 
Left Lift/Cruise Unit 
a » 0° Np/\/^ = 3600 RPM 



MCOOrSH>iEL, U JXinCmAET CGMPANY 

8-30 


QP76-0522-297 




Inlet Mass Flow Ratio, Aq/Ahl 


MDCA4318 


FIGURE 8.2-10 

MASS FLOW VARIATIONS WITH FORWARD SPEED 
Right Lift/Cruise Unit 
a ■ 0° Nf/vOTq * 
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FIGURE 8.2-11 

MASS FLOW VARIATIONS WITH FORWARD SPEED 
Nose Lift Unit 

a “ 0° N f/\/^ = 3600 RPM 
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FIGURE 8.2-12 

^ J EFFECT OF FORWARD SPEED OIM JET VELOCITY RATIO 

Left Lift/Cruise Unit 
N p/ v/FTq = 3600 RPM 
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FIGURE 8.2-13 

EFFECT OF FORWARD SPEED ON JET VELOCITY RATIO 
Right Lift/Cruise Unit 
Np/N/W,-3600 PPM 
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8.3 POWERED LIFT CONFIGURATION - INDUCED LIFT AND DRAG CHARACTERISTICS 

A primary objective of the large scale powered model test program was to 

evaluate the power Induced lift and drag characteristics of the powered lift 

configuration with the horizontal tail on and off. Data with the horizontal 

tail on were obtained for five combinations of nose lift and lift/cruisa unit 
vector angles: * 23®/43^, 38V43\ 56V43®, 7lV55% and 90V90®. Data 

with the horizontal tail off were obtained for ^lc/^NL * 23®/43®, 56®/43®, and 

90®/90®. Additional data were obtained for selected combinations of nose lift 

and lift /cruise unit operation to evaluate the effect of nose unit operation on 
induced characteristics. The results of these tests are discussed in the following 
paragraphs . 

Induced Lift and Drag - Horizontal Tail On 

Figures 8.3-1 through 3.3-30 present the measured lift and drag data and the 
calculated propulsion and aerodynamic contributions for the five powered lift con- 
figurations with horizontal tail on at 0®. It will be noted that the aerodynamic 
contribution is the difference between two large values. Thus any error in the 
measured forces or calculated propulsion system force will result in significant 
error in the aerodynamic contribution. 

The reference levels of lift ana drag are noted on each figure. The dif- 
ference between the reference lift or drag and the total aerodynamic lift or drag 
is the aerodynamic component induced by the propulsion system. The induced lift 
and drag characteristics for each configuration with horizontal tail on are sum- 
marized in Figures 8.3-31 through 8.3-35. The induced characteristics at 0® angle 
of attack for the five configurations are summarized in Figure S.3-36. These data 
illustrate that, in general, positive induced lift and negative induced drag are 
indicated for all five configurations. However, it should be noted that both 
increments depend strongly on the accuracy to which total forces are measured and 
direct thrust effects are calculated. 

Induced Lift and Drag - Horizontal Tail Off 

Figures 3.3-37 through 8.3-54 present measured and calculated data for the 
three powered lift configurations with horizontal tail off. The comments for the 
tail on configurations are also applicable to these data. The induced lift and 
drag characteristics for each configuration are summarized in Figures S.3-55 
through 8.3-57. The induced characteristics at 0® angle of attack for the three 
configurations are summarized in Figure S.3-5S. Comparison of these data with 
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tail on data, Figure 8.3-36, demonstrates that removing the horizontal tail increases 
the induced lift, i.e., that induced lift values are more positive. This increase . 
in lift due to removing the tail can be attributed to a propulsion induced downwash 
field enveloping the horizontal tail. During powered lift operation, this lift 
decrement could be minimized by changing the tail incidence. 

Power Induced Effects - Nose Unit Contribution 

During the preliminary testing, selected combination;.' of lift/cruise unit and 
nose lift unit deflection angles were tested to evaluate the effect of the nose lift 
unit on induced lift and drag characteristics. Test data were obtained for lift/ 
cruise deflection angles of 0®, 56®, and 90® with the nose lift unit inlet and exit 
covered and for nose lift unit deflection angles of 50®, 70®, 90® with the lift/ 
cruise unit at 0®. 

Figures 8.3-59 through 8.3-64 present the measurer' lift and drag data and the 

calculated propulsion and aerodynamic contributions for the nose lift unit closed 

configurations. The induced lift and drag characteristics obtained from these data 
are summarized in Figures 8.3-65 and 8.3-66. These two lift/cruise unit induced 
characteristics are substantially larger than three fan characteristics obtained 
with comparable lift/cruise unit nozzle settings. This result is illustrated in 
Figures 8.3-67 through 8.3-70 which compare the total aerodynamic lift and drag of 
two fan and three fan configurations. The adverse effect of nose lift unit opera- 
tion on aerodynamic lift is readily apparent. 

Figures 3.3-71 through 8.3-76 present the measured lift and drag data and the 

calculated propulsion and aerodynamic contributions obtained for nose lift unit 

deflections of 50®, 70®, and 90", with the lift/cruise unit at 0®. The aerodynamic 
lift and drag data obtained from these results are summarized in Figures 8.3-77 
and 8.3-78. The adverse effect of nose unit operation on induced lift is evident. 

The effect of nose lift unit operation on induced lift characteristics is sum- 
marized in Figure 8.3-79 which shows the nose unit induced lift, AL/Fqjjl, versus 
jet velocity ratio. In this figure the jet velocity of the ose unit is used in 
computing the ratio, V/Vj. When :lC “ 0» the lift decrement due to forward fan 
operation is reduced relative to that obtained when Slc “ 56® or 90* since the 
induced lift for :lc “ 0 is much smaller. 
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FIGU RE S.31 

LIFT vs DYNAMIC PRESSURE 

5h* 0° a = QO 5|_c = 23° 6 |ml*430 ^ j * 20.1° 

Graphical Summary of Measured and Calculated Force Data 
5f-15° 5a»10®/10° Nose Gear On 

Np/V^- 3600 RPM 
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FIGURE 8.3-2 


DRAG vs DYNAMIC PRESSURE 

5h * 0° a = 0° 5 lC * 23° 6nl = 43° t?j = 20.1° 
Graphical Summary of Measured and Calculated Force Data 
6f ■ 15® 63 ■ 10®/10® Nose Gear On 
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FIGURE 8.3-3 

LIFT vs DYNAMIC PRESSURE 

5h = 0® a = 8 ® 5lc = 23® 5nl = 43® Oj = 20.1® 

Graphical Summary of Measured and Calculated Force Data 
5| 1S° 5a » 10°/10° Nose Gear On 



Dynamic Pressure, q • psf 
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FIGURE 8.34 

DRAG vs DYNAMIC PRESSURE 


6h = 0° a « 8° 8 lc = 23° 5nL = ^3° (i j = 20.1° 
Graphical Summary of Measured and Calculated Force Data 


5f - 15° 6g = 10°/10° Nose Gear On 



Dynamc Pressure, q * psf 
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FIGURE 8.3-5 


LIFT vs DYNAMIC PRESSURE 

SH'QO a = 16° 5 lc = 23° 6nL *43° 0j = 20.1° 
Graphical Summary cf Measured and Calculated Force Data 
5f = 15® Sg * 10®/10° Nose Gear On 
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FIGURE 8.3-6 

DRAG vs DYNAMIC PRESSURE 

5h* 0° a = 16° 5|_c = 23° j = 20.1° 

Graphical Summary of Measured and Calculated Force Data 
6f = 15® 5g “ 10°/10° Nose Gear On 
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FIGURE 8.3-7 

LIFT vs DYNAMIC PRESSURE 

5h = 0° a = 0° 5 lc=38° 6nl=430 6j = 29.2° 

Graphical Summary of Measured and Calculated Force Data 
6f = 1 5® 5a = 1 0°/1 0® Nose Gear On 

= 3600 RPM 
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FIGURE 8.3-8 

DRAG vs DYNAMIC PRESSURE 
6 h = 0° a = 0° 6 lc = 38° 5^1, = 43° 6 j = 29.29 

Graphical Summary of Measured and Calculated Force Data 
5a = 10°/10° Nose Gear On 


Np/v'5^ = 3600 RPM 
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FIGURE 8.3-9 

LIFT vs DYNAMIC PRESSURE 
6h = 0° a = 80 5 lc = 38‘' 5nl = 43° j = ?.9.2° 
Graphical Summary of Measured and Calculated Force Data 
= 5g * 10°/10° Nose Gear On 

* 3600 BPM 
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FIGURE 8.3-10 

DRAG vs DYNAMIC PRESSURE 
6 h = 0° q=8° 6 lc = 38° 5 nl = 43° Oj = 29.2° 


Graphical Summary of Measured and Calculated Force Data 
Sf = 15° 6a - 10°/10° Nose Gear On 

Np/v'^T^ “ 3600 RPM 
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HGURE 8.3-11 

LIFT vs'*YNAMIC PRESSURE 

5h = 0° a = 16° 5 lc = 38° 6iml = 43° 0j = 29.2° 
Graphical Summary of Measured and Calculated Force Data 
5f«15° 5a = 10°/10° Nose Gear On 

Np/v'^= 3600RPM 



Dynamic Pressure, r; • psf 
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FIGURE 8.3-12 

DRAG vs DYNAMIC PRESSURE 

= a = 16° 5 lc = 38® -'ml * 43° J j = 29.2° 

Graphical Summary of Measured and Calculated Force Data 
- 15® ’i, = 10®/10® Nose Gear On 
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FIGURE 8.3-13 

LIFT vs DYNAMIC PRESSURE 
5h = 0° a*0° 5 lC = 56° 5ml = 43° <?j=44.5° 

Graphical Summary of Measured and Calcuated Force Data 
» 1 5° Sg = 10®/10° Nose Gear On 
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FIGURE 8.3-14 

DRAG vs DYNAMIC PRESSURE 
a = 0° 6 lc = 56° 5ml = 43° = 44.5° 


Gra''!' •;..i Summary of Measured and Calculated Force Data 

5a-10“/10° Nose Gear On 



Dynamic Pressure, q - psf 
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FIGURE 8.3-15 

LIFT vs DYNAMIC PRESSURE 
5 h = 0° a = 80 6 lc = 56° SnL'^^S® 9j = 44.5° 
Graphical Summary of Measured and Calculated Force Data 

5a = 10°/10® Nose Gear On 
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FIGURE 8.3-16 

DRAG vs DYNAMIC PRESSURE 
5 h = 0° a = 8° 5 lc = 56° 6|vjl = 430 = 44.5° 


Graphical Summary of Measured and Calculated Force Data 
5f = 15° 5a = 10°/10° Nose Gear On 
Np/v'9^ = 3600 RPM 
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FIGURE 8.3-17 

LIFT vs DYNAMIC PRESSURE 
6 h = 0° a = 16° 5 lc = 56° 5nl = 43° = 44.5° 

Graphical Summary of Measured and Calculated Force Data 
5f * 15® * 10® ,'10® Nose Gear On 

Np/V^r^" 3600 RPM 
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FIGURE 8.3-18 

DRAG vs DYIMAMIC PRESSURE 

6h = 0° a = 16° 5 lc = 56° = -ij = 44.5° 


Graphical Summary of Measured and Calculated Force D..ta 
Sj = 15° = 10°/10° Nose Gear On 

Np/x = 3600 RPM 
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FIGURE 8.3-19 

LIFT vs DYNAMIC PRESSURE 

5h = 0° a = QO 5 lC = 71° 5nl =55° Oj = 59.8° 

Graphical Summary of Measured and Calculated Force Data 

5 f = 15 ® 63 = 10^/10° Nose Gear On 


IMp/v ' 3600 RPM 
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FIGURE 8.3-20 

DRAG vs DYNAMIC PRESSURE 

6h = 0° a = 0° 5 lC=71° 6m|_ = 55° Oj = 59.8° 

Graphical Summary of Measured and Calculated Force Data 
= 15® -Sg = 10®/10® Nose Gear On 

Nc/\ n*' = 3600RPIVI 
o 
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FIGURE 3-21 


LIFT vs DYNAMIC PRESSURE 

5h = 0° a = 8° 5 lc = 71° 6nL =55° = 59.8° 

Graphical Summary of Measured and Calculated Force Data 
5f = 15° (5a = 10°/10° Nose Gear On 



Dynam.c P’'essjro, q * psr 
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FIGURE 8.3-22 


DRAG vs DYIMAMIC PRESSURE 

5h = 0° a= 8° 5 lC = 71° 5ml=55° 0j=59.8° 

Graphical Summary of Measured and Calculated Force Data 

Sf = 15® Sa = 10®n0° Nose Gear On 



Dynamic Pressure, q • psf 
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FIGURE 8.3-23 


LIFT vs DYNAMIC PRESSURE 

5h = 0° « = 16° 6lc = 71° 6|ml = 55° Oj = 59.8° 

Graphical Summary of Measured and Calculated Force Data 
I 50 ,53 = 10°/10° Nose Gear On 



Dynamic Pressure, q ■ osf 


GP76 0622 93 


MCDG/yNBLL AtHCfiAf-T 

3-60 


Dtag 1000 lb 


MDCA4318 


FIGURE 8.3-24 

DRAG vs DYNAMIC PRESSURE 

5h “ 0° cv = 16° 5lC“71° 5|\|L = 5'i° = 59.8° 

Graphical Summary of Measured and Calculated Force Data 

6f=15° = Nose Gear On 

Np/v'^-3600 RPM 
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FIGURE 8.3-25 


LIFT vs DYNAMIC PRESSURE 
5p, = 0° a = 0° 5lc = 90'^ 5|vjl = 90° Oj = 84.7° 
Graphical Summary of Measured and Calculated Force Data 
5f = 15° 5a = 10°/10° Nose Gear On 


= 3600 RPM 
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FIGURE 8.3-27 

LIFT vs DYNAMIC PRESSURE 
5h = 0° a * 8° 5 lq = 90° = 90° ',’j = 84.7° 

Graphical Summary of Mectured and Calculated Force Data 
.Sf » 15® Og = 10®/10® Nose Gear On 

Np/\ = 3600 RPM 



Dynamic Pressure, q • osf 
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FIGURE 8.3 28 

DRAG vs DYNAMIC PRESSURE 

5h = 0° q = 8° 5lc = 90° 5,y,L = 90® = 84.7° 

Graphical Summary of Measured and Calculated Force Duta 
= 15° = 10°/10° Nose Gear On 

Np/v'^ = 3600 RPM 
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FIGURE 8.3-29 

LIFT vs DYIMAMIC PRESSURE 

5h = 0° a = 16° 6 lC = '^NL = 90° "j = 84.7° 

Graphical Summary of Measured and Calculated Force Data 

S, = 15® 5a = 10®/10® Nose Gear On 

Ni:/\/5t~ = 3600 RPM 
' *o 
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FIGURE 8.3 30 

DRAG vs DY^' VA',C PR'^SS' 'RE 

OH = 0° a = 5lc = 90° 6ml = 90° 'Jj = 84.7<» 

Graphical Summary of Measured and Calculated florae Data 

5| = 15° >3 = 10^/10® Nose Gear On 

Nj:/v"^=^3600RPM 
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FIGURE 3.3 32 


INDUCED LIFT AND DRAG PARAMETERS vs JET VELOCITY RATIO 
6 h = 0° 5lc = 38° 6[ml = 43° t)j = 29.2° 

Nose Gear On 


,Sf = 15° 


S, = 10°/10° 
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FIGURE 8.3-33 

INDUCED LIFT AND DRAG PARAMETERS vs JET VELOCITY RATIO 
5|.j = 0° 6 lq = 56'^ 5fj|_ = 43° 'Jj = 44.5° 

5a = 10°/10° 


Nose Gear On 
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FIGURE 8.3-34 

INDUCED LIFT AND DRAG PARAiVIETERS vs JET VELOCITY RATIO 
5 h = 0° .^lC=71° 5ml = 55° >j = 59.8° 
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FIGURE 8.3 35 

INDUCED LIFT AND DRAG PARAMETERS vs JET VELOCITY RATIO 
6h = 0° = ^NL = 90° '^j = 84,70 

5, = 15° 


= 10°/10° Nose Gear On 
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FIGURE 8.3-37 

LIFT vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF 
a = 0° 5 lC = 23° 6|ML = 430 yj=20.1° 

Graphical Summary of Measured and Calculated Force Data 
= 15° 6a = 10°/10° Nose Gear On 

Nc/v Oj = 3600 RPM 
T 'o , ! I 
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FIGURE 8.3-38 

DRAG vs DYNAMIC PRESSURE. HORIZONTAL TAIL OFF 

a=0° = ^NL = 43° = 20.1° 

Graphical Summary of Measured and Calculated Force Data 

= 15® = 10®/10® Nose Gear On 

Nc/s'^ = 3600 RPM 
o 
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FIGURE 8.3-39 

LIFT vs DYNAMIC PRESSURE, HORIZONTAL TA 0. 
a = 8° 5 lc = 23° 6|ML = 43° » j ■= ?0. . 

Graphical Summary of Measured and Calculated Force Data 
5f = 15° .Sa = 10°/10° NoseG-jarOn 

= 3600 RPM 
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FIGURE 8.3-40 

DRAG vs DYMAMIC PRESSURE, HORIZONTAL TAIL OFF 
a = 8° 5 lc = 23° 5ml = 43° ^^j = 20.1° 

Graphical Sunrpary of iVeasurod and Calculated Force Data 
>1 = 15® *'»3 = 10®. 10® \ose Gear On 
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FIGURE 8.341 

LIFT vs DYNAMIC PRESSURE. HORIZONTAL TAIL OFF 
a = 16° 5 lc = 23° -^nL = !)j = 20.1° 

Graphical Summary of Measured and Calculated Force Data 
5^ = 15° 53 = 1 0®.'1 0° Nose Gear On 

Np/v t/j^ = 3600RPM 
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FIGURE 8.342 

DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF 
a =16° 5 lC = 23° 5ml = 43° ^Jj = 20.1° 
Graphical Summary of Measured and Calculated Force Data 
= 15° = 10°/10° Nose Gear On 

Nf/v^T^= 3600RPM 
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FIGURE 8.343 

LIFT vs DYNAMIC PRESSURE. HORIZONTAL TAIL OFF 
a«0® 6 lc = 56® 5nL“^ 0j*44S° 


Graphical Summary of Measured and Calculated Force Data 
«3-10®/10® Note Gear On 

NpA/9^^=360ORip^ 
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FIGURE 8.344 

DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF 
a»0® 6 lc-56® 5nl- 430 yj»44.5° 

Graphical Summary of Measured and Calculated Force Data 
Sf « IS" f 0°/10° Nose Gear On 
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FIGURE 8.345 

LIFT vs DYNAMIC PRESSURE. HORIZONTAL TAIL OFF 
a =8® 5 lc = 56° 5nl=43® * 44.5® 

Graphical Summary of Measured and Calculated Force Data 
Sf = 15® 63 = 10®/10® Nose Gear On 
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FIGURE 8^-46 

DRAG vs DYNAMIC PRESSURE. HORIZONTAL TAIL OFF 
a»8® 5 |_c»56® = 0j»44.5° 

Graphical Summary of Measured and Calculated Force Data 
6f = IS® 6, = 10®/10® Nose Gear On 

Np/v'^T^ = 3600 RPM 
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FIGURE 8.3-47 

LIFT vs DYNAMIC PRESSURE. HORIZONTAL TAIL OFF 
a =16° 5lc*56° 6m|_ = 43 ° 0j = 44 . 5 ° 

Graphical Summary of Measured and Calculated Force Data 
6| = 15° 6a = 10°/10° Nose Gear On 
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FIGURE 8.3^ 

DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF 
a “16° 5|_c = 56® 5 nl»43® 0j»44.5® 

Graphical Summary of Measured and Calculated Force Data 
5| ■ 15® “ 10®/10® Nose Gear On 
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FIGURE a349 

LIFT vs DYNAMIC PRESSURE. HORIZONTAL TAIL OFF 

«»0® 5|_c = 90® 5 ml = 90® »j = 84.7® 

Graphical Summary of Mea»jred and Calculated Force Data 

6f - 15° 5, » 10°/10° Note Gear On 


Np/\/5^= 3600 RPM 
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FIGUR E 8.3-50 

DRAG vs DYNAMIC PRESSURE. HORIZONTAL TAIL OFF 
a-0® 6 lc«90° 0j»84.7° 

Graphical SummarY of Measur^ and Calculated Force Data 

6f » 15® 5^ « 10®/10® Nose Gear On 
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FIGURE 8.3-51 


LIFT vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF 
a -80 6lc-90® 6nl-90° 0j«84.7O 

Graphical Summary of Measuied and Calculated Force Data 
8f - IsO 5, - IQO/IOO Note Gear On 
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FIGURE 8.3-52 


DRAG V8 DYNAMIC PRESSURE. HORIZONTAL TAIL OFF 
a -8° 6 lC“90® 8|ml» 90O dj-84.7® 

Graphical Summary of Measured and Calculated Force Data 


6f - 16® 
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FIGURE 8.3-63 

LIFT vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF 
a = 16° 6 lC “ 90® 8(yjL = 90® » 84.7® 

Graphical Summary of Measured and Calculated Force Data 
6f-1S® Nose Gear On 


Nf/v^-3600RPM 
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FIGURE 8.3«l 

DRAG w DYNAMIC PRESSURE. HORIZONTAL TAIL OFF 
5lc“9®° 6ml»90® 0J-84.7® 

Graphical Summvy of Measured and Calculated Force Data 
5f a 15” 5, a 10”/10” Nom Gear On 

NfA/'^T^ a 3600 RPM 
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FIGURE 8.3-S5 

INDUCED LIFT AND DRAG PARAMETERS v$ JET VELOCITY RATIO 
HORIZONTAL TAIL OFF 6 lc * 23° = 43° 0 j = 20.1° 

5f«1S® 6a»10°/10® Nose Gear On 
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FIGURE 8.3^ 

INDUCED LIFT AND DRAG PARAMETERS vs JET VELOCi'^r RATIO 
HORIZONTAL TAIL OFF 6lc-5«® 6nl»43° 0j*445® 

5f * IS® 6, “ 10®/10® Nose Gear On 
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FIGURc 8.3^ 


INDUCED LIFT AND DRAG PARAMETERS vs JET VELOCITY RATIO 
HORIZONTAL TAIL OFF 5|yn_*90® 0J-84.7® 
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FIGURE 8.3^ 

SUMMARY OF PROPULSION INDUCED EFFECTS AT (fi ANGLE OF ATTACK 
TH REE FAN OPERATION. HORIZONTAL TA IL OFF 

5 | >180 63> 10O/1QO Mom Gear On 
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FIGURE 

LIFT vs DYNAMIC PRESSURE. FLOW SURVEY RAKE ON 

a»OI® 5 |_q“ 0® 5|y||^ * 0** Inlets Covered 

Graphical Summary of Measured and Calculated Force Data 
a 15** 5, - 10<*/10^ Mom Gaar Off 

NfA/9^«3600RPM 
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FIGURE 8.3^ 

DRAG vs DYNAMIC PRES^RE. FLOW SURVEY RAKE ON 
a = 0® Slc = 0® 6|<jl ® 0® Inlets Covered = 1® 

Graphical Summary of M^sured and Calculated Force Data 
5f - 15® 5, « 10®/10® Nose Gear Off 

NfA/^*3600RPM 
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FIGURE 8^1 

LIFT vs DYNAMIC PRESSURE. FLOW SURVEY RAKE ON 
a ■ 0® 6 lc “ 56® Inlets Covered = 47® 

Graphical Summary of Measured and Calculated Force Data 
5, -10^/10® Nose Gear Off 

Nf/n/9^» 3600 RPM 
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FIGURE 8.3^2 

DRAG vs DYNAMIC PRESSURE . FLOW SURVEY RAKE ON 

a- 0® 6|_q = 56? 5|g|_ * 0® Inlets Covered ® 47® 

Graphical Summary of Measured and Calculated Force Data 

6<«15® 5.«10“/10® NoseGearOff 


Nf/V5^. 


3600 RPM 
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FIGURE 8.3-63 

LIFT vs DYNAMIC PRESSURE. FLOW SURVEY RAKE ON 
a*0® = 0® Inlets Covered 0j*84® 

Graphical Summary of Measured and Calculated Force Data 
«l = 15® 83 = 10®/10® Nose Gear 0« 
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FIGURE 8.3-64 

QRAQ vs D YNAMIC PR ESSU RE, FLOW SU RVEY RAKE ON . 
ft a 0 ® 6^q = 90® 5p4L » 0® Inlets Covered dj = 84® 

Graphical Summary of Meisured and Calculated Force Data 
5f - 16* 5 j =■ 10®/10* Note Gear Off 


N|:A/9^-3600RI*M 
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FIGURE 8.3-65 

SUMMARY OF PROPULSION INDUCED EFFECTS AT 0° ANGLE OF ATTACK 

TW O FAN OPERA TION. FLOW SURVEY RAKE ON 

= 15^ 5, ■» 10°/10° Nose Gear On 

Nose Unit Inlets Covered 5|y||^ = QO 
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Jet Velocity Ratio* Vq/V j 
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‘ FIGURE 8.3-66 

SUMMARY OF PROPULSION INDUCED EFFECTS AT 0<> ANGLE OF ATTACK 
TW O FAN OP ER ATION. FLOW SU RVEY RAKE ON 
8f IB® 5,-10®/10® No»C«arOff 
Nose Unit Inlets Covered « 0^ 
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Jet Velocity Ratio* Vq/Vj 
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FIGURE 8.3-67 

EFFECT OF NOSE LIFT UNIT ON TOTAL AERODYNAMIC LIFT 
6tC*56® 

5f - 15^ 5, - 10°/10F Horizontal Tail Off 
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FIGUR E 8348 

EFFECT OF NOSE LIFT UNIT ON TOTAL AERODYNAMIC DRAG 

«LC“Stf» ^ a«0l® 

Sf«16^ HoriimittI Tan Off 



Dynamic Pressure, q * psf 
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Total Aerodynamic Lift • 1000 lb 
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FIGURE 8.3^ 

EFFOT OF NOSE LIF T UNIT O N TOT AL AERODYNAMIC LIFT 

5lC“ 90® a = ^ 

5f-18P Horiaontal Tan Off 



MdKMWMBLL AOtOmA^T coMmawv 


8-106 



M0CA4318 


FIGURE 8^-70 

EFFECT OF NOSE LIFT UNIT ON TOTAL AERODYNAMIC DRAG 

Sa-IOPnO^ Horizonul Tail Off 
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FIGURE 8.3-71 


LIFT DYNAMIC PRESSURE. FLOW SURVEY RAKE ON 
5|^ s 0® 6nL°^^ 0j»i4i8** 

Gri^icai Summary of Meaajred artd Caloilated Force Data 

8|«16P Nose Gw Off 

NfA/5t^«3600RPM 
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FIGURE 8^72 

DRAG vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON 
a-O® «NL“^ 8j-14^ 

Graphical Summary of Measured and Calculated Force Data 
fif-18* Nose Gear Off 

NpA/9^«3eOORPM 
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FIGURE 8.3-73 

LIFT vs DYNAMIC PRESSURE, FLOW SURVE Y RAKE ON 
a»0® 8 j“20^ 

«f18® «,-10PA10® NoseGoarOff 

Graphical Summary of Measured md Calculated Foix» Data 
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FIGURE 8.>74 

DMG vs DYNAMIC PRE ^RE . FLOW SURVEY RAKE ON 
a«0® 6|LC“^ 8j = 20^ 

Graphidl Summary of Measured and Calculated Force Data 
6f«16P 8a * Mose Qaar Off 

"NfA/5^»3800RPM 
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FIGURE 8^75 

LIFT vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON 
a»0® «LC*®® «NL“®®® 0j»23,8® 


Graphical Summay of Measured and Calculated Force Data 
«f 15® «a«10®/10* NonGearOff 

NfA/^*3600RPM 
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FIGURE 8^76 

DRAG vs DYNAMIC PRESSURE. FLOW SURVEY RAKE ON 
a»0® 6lc- 0® ej = 23.8® 

Graphical Summary of Measured and Calculated Force Data 
5 f • 16® Sg ■ 10®/10® Nose Gear Off 

NfA/^-36Q0RPM 
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FIGU RE 8.3- 77 

EFFECT OF NOSE LIFT UNIT ON TOTAL AERODYNAMIC LIFT 

5lc“ 0° a=0® 

5f - IS” 5a - 10*’/10** Horteontal Tail Off 



Dynamic Pressure, q - psf 
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FIGURE 8^78 

EFFECT OF NOSE LIFT UNIT ON TOTAL AERODYNAMIC DRAG 

8lc " a ® 0® 

5f - 15® 6, - 10®/10® Horizontal Tail Off 
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Dynair> . ‘’ressure, q • psf 
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Nose Unit Induced Lift Parameter 
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. FIGURE 8.3-79 

SUMMARY OF PROPULSION INDUCED EFFECTS AT (fi ANGLE OF ATTACK 
EFFECT OF NOSE UNIT , HORIZONTAL TAIL OFF 
6f-15® 5a-10®/10« 
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8.4 POWERED LIFT CONFIGURATION - PITCHING MOMENT CHr-J(;.CTERISTICS 

Total aircraft pitching moments for V/STOL aircraft must be balanced for all 
flight conditions from vertical takeoff through aerodynamic lift flight. The 
configuration tested was configured to provide moment balance at zero speed with 
the Uft/crulse and nose lift units deflected at 90** (vertical takeoff), at all 
speeds and appropriate thrust deflections In powered lift flight and In aerodynamic 
lift flight. 

There are two primary pitching moment trimming devices In powered lift flight - 
the horizontal tall and nose lift unit. Testing was conducted to obtain sufficient 
data to evaluate the proper distribution of trim moments from these two devices. 
During the preliminary and powered lift testing, the variation In total pitching 
moment with nose unit geometric deflection was evaluated. These tests, with the 
horizontal tall off and the flaps deflected 15** and the ailerons 10**, were 
conducted over a range of dynamic pressures for lift/cruise unit deflections of 
0**, 56^, and 90*. The results of these tests. Figures 8.4-1 through 8.4-3, 
demonstrate the capability of nose lift unit to balance pitching moments due to 
the llft/crulse units at.d aerodynamic characteristics. These results were utilized 
to select the nose lift geometric deflections for the powered lift configuration 
testing. It should be noted that the nose lift geometric deflections are not 
necessarily optimum but are consider 3<i representative. 

During the powered lift configi >tlon testing, the five powered lift configura- 
tions were tested o '■a range of dynamic pressure with the horizontal tall on 
and, for three configurations, with the horizontal tail off. The results of wnese 
tests. Figures 8.4-4 through 8.4-8, Illustrate the capability of the horizontal 
tall to trim any residual moments due to the llft/crulse and nose lift units. 
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R6URE 8.4-1 

niCHING MOMENT vs NOSE UFT UNIT GEOMETRIC DEFLECTION. 
FLOW SURV EY RAKE ON 
* 8^ a = 0® 

Measured Data 

NOSE GEAR OFF 

Np/>/^-3800Rf>M 
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Pitching Moment - 1000 ft*lb 
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FIGURE 8.4-2 

PITGHING MOMENT vs NOSE LIFT UNIT GEOMETRIC DEFLECTION. 
HORIZONTAL TAIL OFF 
a = 0® 6 lc ~ 68® 


M easured Data 

Sf » 18* 6 ^ *10®/10® Moss Gmt On 



MODOWWBtX >UnOftA^r OOAfMMV 
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FIGURE 8.4^ 

PITCHING MOMENT vs NOSE LIFT UNIT GEOMETRIC DEFLECTION, 

H ORIZON TAL TAIL OFF 

a “ 0® = 90° 

Mrasured Date 
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FIGURE 8.44 

PITCHING MOMENT vs DYNAMIC PRESSURE 

a«0® «LC“23® 5 nl = 43® 0j = 20.1® 

Measured Data 

Sf “ IS** 63 * 10®/10** Nose Gear On 

NfA/9^-3600RPM 



Dynamic Pressure, q • psf 


QR7«-0«22-ie7 
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FIGURE 8.4^ 

PITCHING MOMENT vs DYNAMIC PRESSURE 
a = 0® 5 lC“ 38® iNL“^ 0j»29.2® 

Measured Data 

Sf IS" 5,-lO"/lO" Nose Gear On 

NpAy/^i^- 3600 RPM 



Dynamic Pressure^ q • psf 


Qm*OS22>1«0 
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FIGURE 8.46 

PITCHING MOMENT vs DYNAMIC PRESSURE 
a-6® 5 lc = S6® 8nl»43® 0j»44.5® 

Measured Data 

Sf*1S" 5, -10^/10^ Nose Gear On 

N|:/>/i^«3600RPM 
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FIGURE 8.4-7 

PITCHING MOMENT vs DYNAMIC PRESSURE 
a-0® 5|y,L»S8® Oj-59.8® 

Measured Date 
$3«10O/10^ NoseGrarOn 


Np/V5^“ 3600 RPM 



Dynamic Pressure, q • psf 

OR70-O822-189 
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nGURE8.4« 

PITCHING MOMENT vs DYNiiyMIC PRESSURE 

a»0® 5 lc = 90® Sni,«90® 9j»84.7® 

Measured Data 

S,-10O/10<* Nose Gear On 

Nf/>/9^- 3600 RPM 



Dynamic Pressure, q * psf 
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8.5 POWERED LIFT CONFIGDRATION - LATERAL-DIRECTIONAL CHARACTERISTICS 

Three powered lift configurations were tested at 0° angle of attack with 
variations in angle of sideslip from -4° to 12” or 20”. The detailed results of 
these tests are shown in Figures 8.5-1 through 8.5-16 for resultant thrust vector 
angles of 20.1” , 44.5” and 84.7”. These data show asymmetries at 0” angle of 
sideslip (for example. Figure 8.5-4) and non-uniform variation with angle of 
sideslip (Figure 8.5-12). The probable cause of these discrepancies is the 
difficulty of precisely setting equal lift/ cruise unit thrusts and maintaining 
these equal values for the 10 to 20 minutes required to complete a given angle 
of sideslip test run. The net resulting rolling and yawing moments at 0” side- 
slip are the result of adding two large and balancing components from the left 
and right lift/ cruise units. 

Figures 8.5-17 and 8.5-18 present the directional stability derivatives 
for the powered lift configuration in dimensional and coefficient form. 

These data show the dominant effects of the propulsion system . d the resulting 
directional instability at low jet velocity ratios. The primary source of yaw- 
ing moment due to the propulsion system at low jet velocity ratios is dtie to the 
nose fan inlet mass flow during sideslip. At higher jet velocity ratios, the 
aerodynamic contribution becomes the dominant term. Figures 8.5-19 through 
8.5-20 and 8.5-21 through 8.5-22 present the lateral stability and side force 
derivatives, respectively. These data show less propulsion system effects than 
the directional data. The configuration is laterally stable at all but one 
condition tested. For this condition, shown in Figure 8.5-6, the abrupt stable 
change in rolling moment between 4 and 8 degrees angle of sideslip demonstrates 
the difficulty of objectively determining representative slopes at 0° angle of 
sideslip. 

Lateral-Directional Control Effectiveness 

Aileron control effectiveness data are presented in Figure 8.5-23 ana 8.3-24 
for one powered lift configuration with 9j = 44.5 (5 lc = 56®, = 43®) at 0® angle 

of attack. The data show the effect of varying the left aileron from +25® (TED) to 
-25® (TEu) with the right aileron at +10® (TED). Also shown are data for equal 
differential aileron deflections of +25® on Figure 8.5-23 only. 

Rudder control effectiveness is shown in Figure 8.5.25 for one powered lift 
configuration with 9j = 29.2® (S^q ® 38®, “ ^3®, 6^ = 23®) for two dynamic 

pressure values over a large angle of attack range. 
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FIGURE 8.S-1 

YAWING MOMENT vs ANGLE OF SIDESLIP 
5h = 0® a»0® 6 lc“23® 6nL = ^® 0j«2O.1® q=12.4PSF 


Graphical Summary of Measured and Calculated Force and Moment Data 

^-15® 5b- 10®/10® Nose Gear On 

Np/VS^- 3600 RPM 
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FIGURE 8.5-2 

ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP 

a»0® 6 lC" 23® 6|y|L = 43® dj«20.1® q»1Z4PSF 

Graphical Summary of Measured and Calculated Force and Moment Data 
5j » IS® 5a “ 10®/10® Nose Gear On 
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FIGURE 8.5-3 

YAWING MOMENT vs ANGLE OF SIDESLIP 
8 h“ 0® a-0® 8 lC*23® 8nl- 43® 0j«2O.1® q=19.4PSF 

Graphical Summary of Measured and Calculated Force and Moment Data 
^-18® 8,"10**/10** Nose Gear On 

Np/y^ « 3600 RPM 
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FIGURE 8.5-6 

YAWING MOMENT vs ANGLE OF SIDESLIP 
6 h» 0® a = 0® 6|.c»560 5 nl» 43P dj=44.5® q»3.2PSF 

Graphical Summary of Measured and Calculated Force and Moment Data 
^ • 15® 5g - 10®/!^'® Nose Gear On 
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FIGURES^ 

ROLLING MOMENT AND SIDE FORCE tfs ANGLE OF SIDESLIP 
6h» 0® a«0® 6 lc-56® 6ml = 43® «j-44wS® q«S^PSF 

GrafMcal &iinirary of Measured wid Calculated Force and Moment Data 
5f - 1S^ 6 ^ ° Mom Gear On 

N|:/>/9^-3600RPM 
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FIGURE 83*7 


YAWING MOMENT vs ANGLE OF SIDESLIP 
8 qO a s qo 5|^q a ggo 5j^j^ s 43O gj s 44.5^ q « 7.1 PSF 

Graphical Summary of Measured artd Calculated Force and Moment Data 

NoseGearOn 

N|:/>/9i^-3600RPM 



Angle of Sideslip, 0 • deg 
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nCURE 8.5-8 

ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP 
5 h» 0® a«0® «LC“5«® «NL“43® dj- 44.5® q-7.1PSF 

Graphical Summary of Measured and Calculated Force and Moment Data 

NoteGurOn 

Nf/>/^*3600RPM 
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FIGURES^ 

YAWING MOMENT vs ANGLE OF SIDESLIP 
8 h “ ot ® 0® ■ 56® 6fjL “ ^ ® 44.S® q = 12^ PSF 


Graphical Sununary of Mauured and Calculated Force and Moment Data 
8f*16P NonGnrOn 

N|:A/9^»3eOORPM 
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FIGURE 8^10 

ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP 
«H “ 0® a « 0® 6 lc “ 56® 8nL “ ^ ® J “ ^-5^ ® “ 12.2 PSF 

Graphical Summary of Measured and Calculated Force and Moment Data 
Sf « 15° 5^ - 10°/10° Moss Gear On 

3600 RPM 
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FIGURE 8.5-11 

YAWING MOMENT vs ANGLE OF SIDESLIP 
8h-0® a*0® 5lc = 90® 5mi_»90® 0j = 84.7° q«1.4PSF 


Graphical Summary of Measured and Calculated Force and Moment Data 
^ » 15° 5, « 10°/10° Nose Gear On 

N|:/>/9^*3600RPM 
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FIGURE 8.5-12 

ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP 
5 h» 0® a-0® 6 lc“90° 6|ml = 90O 0j» 84.7° q»1.4PSF 

Graphical Summary of Measured and Calculated Force and Moment Data 
^ = 15® 8, = 10®/10® Nose Gear On 

N|;/>/S^°3600RPM 
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Yawing Moment • fi-lb 
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FIGURE 8^-13 

YAWING MOMENT vs ANGLE OF SIDESLIP 
6 h » 0® a = 0® 6 lc ” 90° ^NL “ 90® dj « 84.7® q = 3.3 PSF 
Graphical Summary of Measured and Calculated Force and Moment Data 
- IS® 6a “ 10®/10° Nose Gear On 
N|:/V^« 3600 RPM 
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FIGURE 8.5-14 

ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP 
6 h • 0° a « 0° 6 lc = 90° * 90° 0j « 84.7° q = 3.3 PSF 

Graphical Summary of Measured and Calculated Force and Moment Data 
« 15° 5, » 10°/10° Nose Gear On 

Np/v^^= 3600 RPM 



Angie of Sidesiip, ^ * deg 

OP76 0622-179 
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FIGURE 8.5-15 


YAWING MOMENT vs ANGLE OF SIDESLIP 
a«0® 6 lc" 90° S|y|L = 90O 0j*84.7° q»7.2PSF 

Graphical Summary of Measured and Calculated Force and Moment Data 

8 f ■ IS® 83 ■ 10®/10® Nose Gear On 

Np/v'5^»3600RPM 
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FIGURE 8.5-16 

ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP 
8 h» 0O a-0® 8lC"90° 5nL“90O 6j-84.7® q » 7.2 PSF 

Graphical Summary of Measured and Calculated Force and Moment Data 
5f ■ 1 5° 83 “ 10®/1 0® Nose Gear On 

Np/v/S^- 3600 RPM 



Angle of Sideslip, ^ - deg 
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FIGURE 8.5-17 

THREE FAN CONFIGURATION DIRECTiONAL CHARACTERISTICS 

5h « 0° a - 0° 


Summary of Measured and Calculated Moment Data 
» IS® 6, “ 10®/10® Nose Gear On 
Np/V^=3fi00 RPM 
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FIGURE 8.5-18 

THREE FAN CONFIGURATION DIRECTIONAL CHARACTER '®T|CS 

5h = 0° a ■ 0° 

Summary of Mea^red and Calculated Moment Coefficient Data 
= IS® 6a “ No« 0" 
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FIGURE 8.^1 

THREE FAN CONFIGURATION SIDE FORCE CHARACTERISTICS 

6h ■ 0® a * 0® 

Summary of Measured and Calculated Moment Data 
6f«1S® 53«10®/10° Nose Gear On 
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FIGURE 8.5-22 

THREE FAN CONFIGURATION SIDE FORCE CHARACTERISTICS 

6h“ 0® a = 0° 

Summary cf ''y>easured and Calculated Force Coefficient Data 
6f >15° 5g » 10**/10° Nose Gear On 



Jet Velocity Ratio, Vg/Vj 

QP78- 0622 267 
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FIGURE 85-23 

EFFECT OF AILERON DEFLECTION ON LATERAL-DIRECTIONAL 
CHARACTERISTICS, q > 7.1 PSF 

5h» 0® a-0® 5 lc“56° 6nl»430 0j = 44.5° 

Measured Data 
6f B IS** Nose Gear On 

Nf/V^b^MRPM 
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FIGURE 8.5-24 

EFFECT OF AILERON DEFLECTION ON LATERAL-DIRECTIONAL 
CHARACTERISTICS, q - 12.^F 

6h- 0° a«6® 8 nL"^® 0j»44.5® 


Measured Data 
Sf * IS® Nose Giw On 

3600 RPM 



Left Aileron Deflection, 6a|^ • deg 

QP78-0622 208 
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FIGURE 8^-25 

EFFECT OF RUDDER DEFLECTION ON LATERAL-DIRECTIONAL CHARACTERISTICS 
5h«0® 5lc-38® 8ml = 43® 0j«29.2® 

Measured Data 


0 = 0® 6j=23® 5f = 1S® «3 = 10®/10® Nose Gear On 

NfA/S^^= 3600 RPM 



Angle of Attack, a • deg 
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8.6 AERODYNAMIC LIFT CONFIGURATION - LONGITUDINAL CHARACTERISTICS 

The aerodynamic lift configuration is defined as any configuration with a 
lift/cruise unit geometric deflection, the nose fan shut off, and the 

nose fan inlet covered. This configuration is used as the reference in determining 
the level of the power induced effects. In order to establish this level, the 
aerodynamic lift configuration data must correspond to a standardized inlet mass 
flow ratio. This condition was selected prior to the test as an inlet mass flow 
ratio, An/Am.. of 1.0. For this test a lift cruise fan speed of 2700 rpm at a 
tunnel dynamic pressure of 34.2 psf resulted in a unity inlet mass flow ratio. 

The data presented in this section were used to establish the reference levels 
presented in Section 8.3. It should be noted chat this definition of reference 
configuration implies that the incremental induced lift and drag include the 
effects of the external wetted surface of the lift/cruise nozzles, and Che nose 
lift fan inlets and exits as well as the induced effects of Che captured scream 
cubes on the aerodynamic forces and on the ether propulsion units. 

Basic Data Used to Establish Reference Configuration Characteristics 

The basic data used to establish Che reference levels for the powered lift 
configuration are presented in this section in both dimensional and coefficient 
form. The dimensional form has been included in order to emphasize the magnitude 
of Che propulsion system contribution to the bedance measured forces and moments. 
Data are presented for the three configurations described in Che following Cable. 


Configuration 

1 0 

2 0 

3 10 


^ OH Rake 

0 On Off 

0 Off Off 

15 Off On 


Dimensional Data - The dimensional data are presented in Figures 8.6-1 through 
8.6-9. The lift contribution of the propulsion system is simply the component of 
gross thrust vector normal to the relative wind, Fglq sin(6LC »). The propulsion 
contribution to the lift results in an increase in both lift curve slope and maxi- 
mum lift. It is a maximum of 630 lb at an angle of attack of 22°. This maximum 
is a result of a reduction in calculated fan thrust at angles of attack above 
wing stall. 
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The propulsion system drag component Includes the gross thrust component 
parallel to the relative wind and ram drag. The variation of the total ram drag 
and the gross thrust drag component with angle of attack are presented with the 
measured drag data. The data illustrate the reduction in ram drag and thrust at 
angles of attack above wing stall discussed in the previous paragraph. 

The propulsion system contribution to the pitching moment consists of the 
same components as the drag: gross thrust and ram drag. The thrust contributes 

a considerable nose down pitching moment due to the thrust line being located 
above the moment reference center. The ram drag, which is the result of airflow 
into both the gas generator and fan inlets, contributes a nose up pitching moment. 
The resulting total propulsion system pitching moment is nose down. 

Coefficient Data - The coefficient form of the total aerodynamic forces and 
moments is presented in Figures 8.6-10 through 8.6-15. These data are the coeffi- 
cient form of the aerodynamic forces and moments remaining after subtracting the 
propulsion system components. Two irregularici&s are present in these data: 
o An apparent incorrect 2® and 6® angle of attack setting 
o A higher than anticipated lift coefficient at 0® angle of attack 
The former can be explained if, for some reason, the angle of attack settings of 
2® and 6® were actually closer to 2.5® and 6.5®. The latter is more difficult to 
resolve since the current data are self-consistent. The lift coefficient at zero 
angle of attack, Ci^, is 0.230 for the clean wing configuration with horizontal 
tail on at 0® deflection. Previous MCAIR small scale (4.1%) wind tiinnel testing 
of a comparable configuration (Reference (3)) indicated a of 0.100. The dif- 
ference of 0.130 in the Clq could be caused by the following: 
o Reynolds number differences and scale effects 
o Model support system interference effects 
o Fabrication accuracy and flexibility differences effects 
The MCAIR small scale testing of this configuration had been performed at a 
Reynolds number of 0.6 x 10 based on wing MAC as compared to the present testing 
performed at a Reynolds number of 7.5 x 10^ based on wing MAC. However, the 
literature does not suggest that Clq is affected significantly by Reynolds number. 
As mentioned in Section 6.3, the data reduction performed for this test did not 
include any model support system interference effects. To ascertain the magnitude 
of this interference effect, additional small scale wind tunnel testing was 
performed by MCAIR. These tests utilized a scale model of the Ames 40’ x 80’ 
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model support system and the small scale model of the aircraft configuration. The 
results of these tests Indicated the model support system Interference on lift 
coefficient to be only 0.025. The one remaining possibility, that of fabrication 
differences and flexibility effects between the tests, cannot be quantitatively 
evaluated at this time. 

In addition to the high Clq> clean wing configuration has a of 1.280 

at the stall angle of attack of IS**. A comparison of lift data from Configurations 
2 and 3 (see page 8-152) indicates that deflecting the flaps to 15° and drooping 
the ailerons to 10° results in AClq and of 0.100 while maintaining the 15° 

stall angle of attack. Figure 8.6-11 presents the effect of the horizontal tail on 
drag. The data Indicate tliat Installation of the horizontal tall reduces the aero- 
dynamic drag. This result Is probably not valid. The discrepancy may be an Indica- 
tion of the accuracy associated with the separation of the propulsion and aerodynamic 
contributions to the measured drag. 

The tall on pitching moment data Indicate the configuration to have static 
longitudinal stability (prestall) with the neutral point located at 42% MAC. 
Deflecting the flaps to 15° and drooping the ailerons 10° on the tail off con- 
figuration resulted in a nose down pitching moment of ACm = -.04, with a slight 
loss in static longitudinal stability. No data were obtained for the tall on 
aerodynamic lift configuration with flaps and ailerons deflected and the horizontal 
tall Installed. 

Horizontal Tall Control Effectiveness 

The effect of horizontal tail deflection on the longitudinal characteristics 
is presented in Figures 8.6-16 through 8.6-18. It is shown that the configuration 
has static longitudinal stability (prestall) and that negative (TEU) stabllator 
deflections would be utilized for trimming. Data for the positive deflections 
indicate a stalled horizontal tall. 
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FIGURE 8.6-1 

LIFT vs ANGLE OF ATTACK 

5h» 0® q«34.2PSF 6 lc“0® « SEALED » 1° 


Graphical Summary of Measured and Calculated Force Data 
Run 116 5f = 0® 6a-0®/0° Nose Gear Off 

Np/V5^ = 2700RPM 
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FIGURE 8.6-2 


DRAG vs ANGLE OF ATTACK 
5 |^ B qo q«34.2PSF 5 lq» 0® SEALED 0j » 

Graphical Summary of Measured and Calculated Force Data 
Run 116 6f-0® 5,“0®/0® Nose Gear Off 

Np/v^ - 2700 RPM 
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FIGURE 8.6-3 

PITCHING MOMENT vs ANGLE OF ATTACK 
5 h = 0° q»34.2PSF 5 lc*0° 6nl = SEALED 0j = 1° 

Graphical Summary of Measured and Calculated Moment Data 
Run 116 5f = 0° 5a = 0°/0® Nose Gear Off 
Np/v^ - 2700 RPM 
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FIGURE 8.64 

LIFT vs ANGLE OF ATTACK, HORIZONTAL TAIL OFF 
q = 34.2PSF 6 lc®0° 6(vil = SEALED 0j = 1° 

Graphical Summary of Measured and Calculated Force Data 
Run 140 6 ^^ 0 °/ 0 ° Nose Gear Off 

Np/v/5^» 2700 RPM 



Angle of Attack, a • deg 

OP76-0622 158 
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FIGURE 8.65 

DRAG vs ANGLE OF ATTACK, HORIZONTAL TAIL OFF 
q-34.2PSF 6 lc*0° onl “ SEALED 

Graphical Summary of Measured and Calculated Force Data 
Ruo140 6a = 0®/0® Nose Gear Off 

Nf/\/5t^“2700RPM 



Angle of Attack, a • deg 
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FIGURE 3.6-6 

PITCHING MOMENT vs ANGLE OF ATTACK. HORIZONTAL TAIL OFF 
q»34.2PSF 6 lc» 0® SEALED j » 1® 

Gr^hical Summary of Measured and Calculated Moment Data 
Run 140 5f»0° 6,-0°/0° Nose Gear Off 

NfA/5^«2700RPM 
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FIGURE 8.6-7 

LIFT vs ANGLE OF ATTACK. FLOW SURVEY RAKE ON 
q ■ 34.2 PSF 5 lq « 0° = 0° Inlets Covered 0 ^ » 1® 

Graphical Summary of Measured and Calculated Force Data 
Run 26 5f = 1S® 5,»10°'10° Mom Gear Off 

Nf/v^-2700RPM 
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FIGURE 8.6-8 

DRAG vs ANGLE OF ATTACK, FLOW SURVEY RAKE ON 
q»34.2PSF 5|_C“0° SfjL ■ 0° Inlets Covered 9j * 1® 

Graphical Summary of Measured and Calculated Force Data 
Run 26 53»10°/10<* Nose Gear Off 

2700 RPM 
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FIGURE 8.6-9 

PITCHING MOMENT vs ANGLE^ ATTACK. FLOW SURVEY RAKE ON 
q = 34.2PSF 5|q|_ « 0^ Inlets Covered 

Graphical Summary of Measured and Calculated Moment Data 
Run 26 Nose Gear Off 

NfA/®t7“2700BPM 



Angle of Attack, a • deg 

OP76-0622 164 
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FIGURE 8.6-10 

EFFECT OF HORIZONTAL TAIL ON LIFT COEFFICIENT vs ANGLE OF ATTACK 
q = 34.2PSF 6 lc“0® 6nl= SEALED » 1° 

Direct Thrust Effects Removed 
5a“0®/0® Nose Gear Off 
NpA/S^ “ 2700 RPM 
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FIGURE 8.6-12 

EFFECT OF HORI2X)NTAL TAIL ON PITCHING MOMENT COEFFICIENT 

vs ANGLE OF ATTACK 


5h * 0** 


q * 34.2 PSF * 0° 6 nL * SEALED 
Direct Thrust Effects Removed 
6f“0® 6j = 0®/0® NoseGearOff 

Nf = 2700 RPM 





Angie of Attack, a - deg 


QP76- 0622 142 
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FIGURE 8.6-13 

LIFT COEFFICIENT vs ANGLE OF ATTACK. FLOW SURVEY RAKE ON 
q®34.2PSF “ 0** Covered 0j * 1® 

Direct Thrust Effects Removed 

Run 26 Sf°15° Sg-IO^^/IO^ Nose Gear Off 

Nf/>/3t7“ 2700 RPM 



-4 0 4 8 12 16 20 24 

Angle of Attack, o • deg 

QP76 0622 1«3 
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FIGURE 8.6-14 

LIFT COEFFICIENT vs DRAG COEFFICIENT. FLOW SURVEY RAKE ON 
q-34.2PSF 5 lc“0° S|mi_ = 0° Inlets Covered 

Direct Thrust Effects Removed 
Run 26 6 f = 15® 63 - 10®/10° Nose Gear Off 

ttp/y/djl “ 2700 RPM 



^Daero 


OP76 0622 144 
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FIGURE 8.6-1E 

PITCHING MOMENT COEFFICIENT vs ANGLE OF ATTACK, FLOW SURVEY RAKE ON 

q ■ 34.2 PSF 5 lC * 0° ^NL * Inlets Covered 0j ■ 1° 

Direct Thrust Effects Removed 


Run 26 5g - l6**/10° Nose Gear On 

NFA/eT^-2700 RPM 



Angle of Attack, a * deg 
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FIGURE 8.6-18 

EFFECT OF HORIZONTAL TAIL ON PITCHING MOMENT COEFFICIENT 

vs ANGLE OF ATTACK 

q«34.2PSF 6 lc = 0° 5|ML* SEALED 0j = 1° 

Direct Thrust and Ram Air Drag Effects Removed 
6f - 0° 5a “ 0°/0° Nose Gear Off 

Np/\/St^=2700 RPM 
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B.7 AERODYNAMIC LIFT CONFIGURATION - LATERAL-DIRECTIONAL CHAR r£R,STICS 

This section presents the lateral-directional stability and .ontrol charac- 
teristics of the aerodynamic lift configuration. Stability data are presented for 
angles of attack of 0°, 8°, and 16°. Lateral and directional control effective- 
ness data are presented for angles of attack up to 24°. The s^ablllty data are 
presented In both dimensional and coefficient form. The dimensional form has been 
Included In order to emphasize the magnitude of the propulsion system contribution 
to the balance-measured forces and moments. All data are presented for stability 
axes. 

Dlmensl'^nal Data 

The lateral-directional dimensional data are presented In Figures 8.7-1 
through 8.7-9. The direct propulsion system contribution to the measured side 
force Is the result of the ram dra^ :.ontrlbutlons of the gas generators and lift/ 
cruise units. Since the ram drag Is essentially constant through an angle of 
attack of 16°, the propulsion sys*‘em contribution to the side force remains constant 
through this angle. The propulsion system cot.* :ibutlons to the measured yawing 
moment and rolling moments are the result of both the differential thrust between 
the two lift /cruise units and the ram drag contributions from the gas generators 
and lift /cruise units. The data indicate that the propulsion system contribution 
was negligible except for the yawing moment at 16° angle of attack. 

Coefficient Data 

The coefficient form of the aerodynamic force and moment data is presented 
in Figures 8.7-10 through 8.7-12. These data are the coefficient form of the 
total aerodynamic force and moments presented in Figures 8.7-1 through 8.7-9. 

The characteristics are essentially linear with sideslip angle foi. angles 
of attack of 0° and 8°. At 16° angle of attack, the characteristics vary in a 
nonlinear manner typical cf post-stall operation. The configuration does exhibit 
positive directional stability, Cng, through 16° angle of attack. The dihedral 
effect, C£ , is stable for angles of attack of 8° and 10', and neutrally stable 
for 0°. 

Lateral-Directional Control Effectiveness 

The lateral-directional control effectiveness is presented in Figures 8.7-13 
through 8.7-16. Aileron control power is presented for a single aileron deflection 
from -25° to +25° at 0° angle of attack. Dua"' aileron deflection, -25°/+25°, data 
are presented as a function of angle of attack. The variation of rudder effective- 
ness with angle of attack Is present .'.d for a rudder deflection of 23°. 
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Aileron Effectiveness - The aileron effectiveness for a single aileron deflec- 
tion from -25® to +25® and dual aileron, -25®/+25®, deflection Is presented In 
Figure 8.7-13 at 0® angle of attack. The single aileron deflection data exhibit 
tne trends associated with wings having a supercritical airfoil section In that 
the roll effectiveness Is higher for the TEU deflections. The data for the dual 
aileron, -25® 7+25® as a f'.nctlon of angle of attack, are presented In Figure 8.7-14. 
Aileron effectiveness Is maintained at a high level below 12® angle of attack. At 
higher angles the roll effectiveness Is reduced but the ailerons remain effective 
through 28® angle of attack. 

Rudder Effectiveness - The variation In rudder effectiveness with angle of 
attack is presented in Figures 8.7-15 through 8.7-16 for a rudder deflection of 
23® TEL. Rudder effectiveness is essentially constant below 24® angle of attack. 
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FIGURE 8.7-1 

SIDE FORCE vs ANGLE OF SIDESLIP, a » 

6h» 0° q*34.2PSF 6 lc*0® 6nl» SEALED 

Graphical Summary of Measured and Calculated Force Data 
Run 129 6f»0® Sg^O^/O® Nose Gear Off 

Np/V5r^= 2700 RPM 
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FIGURE 8.7-2 

YAWING MOMENT vs ANGLE OF SIDESLIP. 

Sh* 0° q»34.2PSF 5 lc“0° 5|ml = SEALED 

Graphical Summary of Measured and Calculated Moment Data 
Run 129 5,o(|0/o0 Nose Gear Off 
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FIGURE 8.7-3 

ROLLING MOMENT vs ANGLE OF SIDESLIP, a ■ 0® 
5 h^ 0® q-34.2PSF 5 lc»0° 5|ml» SEALED » 1® 

Graphical Summary of Measured and Calculated Moment Data 
Run 129 5f-0® 5,“0®/0® NoseG^Off' 

Nf/v®t7*2700RPM 
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FIGURE 8.7-4 

SIDE FORCE vs ANGLE OF SIDESLIP, a = 8° 

6h = 0® q-34.2PSF 5 lc = 0° 6mi_ = SEALED * 1® 

Graphical Summary of Measured and Calculated Force Data 
Run 130 5f = 0® Nose Gear Off 

Np/V^^ = 2700 RPM 
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FIGURE 8.7-5 

YAWING MOMENT vs ANGLE OF SIDESLIP, a » 8^ 
5 h» 0° q*34.2PSF 6 lc“0° 5nl* SEALED » 1® 

Graphical Summary of Measured and Calculated Moment Data 
Run 130 53 = 0°/0® Nose Gear Off 
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FIG URE 8.7-6 

ROLLING MOMENT vs ANGLE OF SIDESLIP, a > 8° 
5 h- 0® q-34.2PSF 6|.c-0° 5 nl» SEALED 0j«1® 

Graphical Summary of Measured and Calculated Moment Data 
Run 130 61 - 0 ** 5,<*0*>/0° Nose Gear Off 

Np/VOTo • 2700 RPM 
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FIGURE 8.7-7 

SIDE FORCE vs ANGLE OF SIDESLIP, a = 16° 

5h = 0° q = 34.2PSF 5 lc = 0° 5nl = SEALED dj = 1° 
Graphical Summary of Measured and Calculated Force Data 
Run 131 6f = 0° 5a“0°/0° Nose Gear Off 
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FIGURE 8.7-8 

YAWING MOMENT vs ANGLE OF SIDESLIP, a * 16® 

5h = 0® q * 34.2 PSF 5 lc “ 0® ^NL “ SEALED dj = 1® 
Graphical Summary of Measured and Calculated Moment Data 
Run 131 5f = 0® 53 = 0®/0® Nose Gear Off 
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FIGURE 8.7-9 

ROLLING MOMENT vs ANGLE OF SIDESLIP, a * 16° 
5 h» 0° q = 34.2PSF 5 lc*0° 5nl * SEALED 0j » 1° 

Graphical Summary of Measured and Calculated Moment Data 
Run 131 6f=0° 5a-0®/0® Nose Goar Off 

Nf/V5^“2700RPM 
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FIGURE 8.7-12 

EFFECT OF ANGLE OF ATTACK ON ROLLING MOMENT COEFFICIENT vs 

ANGLE OF SIDESLIP 

5h= 0° q»34.2PSF 5 lc = 0° 6|ml = SEALED «j - 1° 


Direct Thrust Effects Removed 
6f = 0° 6a = 0°/0® Nose Gear Off 
Np/V57^ = 2700 RPM 
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FIGURE 8.7-13 

EFFECT OF AILERON DEFLECTION ON LATERAL DIRECTIONAL 
CHARACTERISTICS, a = 0° 

5h» 0° q*34.2PSF 5|.c = 0° 5 nL= SEALED 9j = 1° 

Measured Data 
6| = 0° Nose Gear Off 

NF/V5t^»2700 RPM 
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FIGURE 8.7-1 4 

EFFECT OF AILERON DEFLECTION ON LATERAL-DIRECTIONAL 

P‘IM'^I'^R'STICS.5 = 0 

5h = 0° q*34^ PSF 6 lC = 0° 5nl * SEALED (^j * 1® 


Direct Thrust Effects Removed 
«f = 0° 5, “ -2^/+2S® Nose Gear Off 

N|:/>/^^ - 2700 RPM 
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FIGURE 8.7-15 

EFFECT OF RUDDER DEFLECTION ON SIDE FORCE 
5h = 0° q«34.2PSF 5|_c = 0° 5 nl= SEALED (>j = 

Direct Thrust Effects Removed 


= 0^ 6, = 0®/0° Nose Gear Off 

Np/>/5^ = 2700 RPM 
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8.8 AIR INDUCTION SYSTEM PERFORMANCE 

The air induction system performance characteristics were measured at selected 
test conditions throughout the wind tunnel test program on the left lift/cruise fan 
inlet, the nose lift fan inlet, the left lift/cruise gas generator inlet, and 
the nose fan engine inlet /duct. The inlet performance rake geometries utilized to 
measure the inlet data were presented and discussed in Section 3. The total 
pressure recovery and steady state distortion were measured to show the effects 
of mass flow ratio, angle of attack, angle of sideslip, and forward speed on the 
performance of each inlet. The results of those inlet performance tests a^^e 
discussed for each inlet in the sections that follow. 

Left Lift/Cruise Fan Inlet 

The effects of angle of attack and fan speed on the performance of the over- 
the-wing mounted lift/cruise fan inlet are presented in Figure 8.8-1. The average 
total pressure recovery (PT2 ^^To) inlet distortion factor (PThigh “ ^^low^ 

PXavg) presented along with the inlet mass flow ratio (Aq/Ahl) sis a function of 
corrected fan speed at the highest tunnel speed (Vq * 103 knots) tested. The mass 
flow ratio data shown was calculated using the fan exit rake, as previously des- 
cribed. The data presented in the figure were measured with the model in the cruise 
mode configuration, nose unit off. 

At a mass flow ratio of 1.0, the inlet performance is shown to maintain a very 

high level up to an angle of attack of 20®. Above this up to angles of 32® it con- 

tinually deteriorates. This falloff in performance at the higher a is due to the 
unsteadiness and the subsequent separation of the flew on the inboar i panel as a is 
increased. Ncte that at the lower mass flew ratios, i.e., reduced power levels, 
the perfi'rmance deteriorates at lower angles of attack. This is aluo due to inboard 
win^^ panel separation, which is occurring at lower a due to a lesser amount of inlet 
induced flow over the inboard wing. Throughout the test, the tufts on the wing were 
observed to indicate flow separation at angles of attack of approximately 8® higher 

on the inboard wing ahead of the inlet than on the outboard wing, at mass flow 

ratios greater than 1.0. The lift/cruise Inlet ral:e data shown herein substantiate 
these observations. 

It should be noted here that throughout the test program at lower angles of 
attack (0®-20®) and higher mass flow ratios (Ao/Ahl ^ 1*0) the inlet ranged 

between 0.999 and 1.00. The reasen for these very high levels of performance is 
the low specific flow of the low fan pressure ratio X376B turbotip far, 

and the resulting low inlet throat Mach auaibers (0.35 and below). The intent of 
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the inlet performance data presented herein for all inlet systems is to show treris 
and the specific effects of angle of attack, sideslip, and mass flow ratio, and not 
necessarily the absolute levels of performance, for example, of higher pressure 
ratio fan systems. 

rhe effect of sideslip angle on inlet performance at various angles of attack 
is shown in Figures 8.8-2 and 8.8-3 for the range of test conditions where inlet 
data were measured. Sideslip angles of up to +12® (left inlet on leeward side of 
fuselage) shew no effect on lift/cruise inlet performance at angles of attack of 
12® and lower. The deterioration in performance at higher angles of attack and 
sideslip is apparent in the figures. Inlet distortion levels were found to be 
less than 102 throughout all test conditions during this program. 

The effects ot forward 'peed on inlet performance variation are shown in 
Figure 8.8-4. Only the distortion was found to show any variation, and this 
occurred only at the higher angles of attac' . 

A summary of the lift/cruise fan inlet performance is presented in Figure 8.8-5. 
The data are presented in terms of the nondimens ional inlet loss coefficient 
(APf/q.jj£) for correlation purposes. High speed (Mq = 0.5 to 0.9) performance data 
for this inelt are contained in Reference (3). 

Left Lift/Cruise Gas Generator Inlet 

The effects of angle of attack and engine speed on the performance of the 
fuselage side mounted gas generator inlet are shoi<m in Figure 8.8-6. The inlet 
data are presented in the same manner as the far. inlet data described above. The 
effects of both angle of attack and sideslip are shown in Figures 8.8-3 and 8.8-7. 

In general, the inlet exhibited very good performance throughout the test range of 
variables. Total pressure recovery was found to deteriorate less than 1 %, and 
distortion was measured to be less than 52 throughout the angle of attack and 
sideslip angles tested. 

Nose Lift Fan Inlet 

The effects of angle of attack and fan speed on the performance of the nose 
fan inlet for three tunnel velocities are presented in Figures 8.3-8, 8.8-9, and 
3.8-10. The data are shown for o's ranging from -4* to +20® which covered the 
powered lift test range of this program. As shown in the figures, the effects of 
angle of attack up to 20* for all forward speeds had very little effect on either 
the total pressure recovery or distortion of the inlet. The data presented also 
cover the fan speed ranges tested in the powered lift mode. The operating mass 
flow of the inlet is presented in terns of the mass flow ratio (Ao/Akl) rather 
than the more typical inlet velocity ratio (Vq/Vth) reasons of comparison and 
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consistency with the lift/cruise inlet performance data previously discussed. A 
ploc of the inlet velocity ratio (Vq/V^jj) expressed in terms of the mass flow ratio 
(A^/Ajjl) for the nose fan inlet is shown in Figure 3.8-11. 

The effects of sideslip also had very little if no effects on inlet recovery 
and distortion, as shown in Figure 8.8-12. The data presented also encompass the 
range of test variables examined in the powered lift mode. 

A summary of the nose fan inlet performance is presented in Figure 8.8-13. 

The recovery data here are presented in terms of the nondimensional inlet loss 
coefficient (AP-j/q^y) versus the inlet velocity ratio for correlation purposes. 

‘ ia:;a presented in this figure encompass the complete range of tunnel and fan 
' :cds tested on this inlet. For the nominal operating range of the nose fan 
nlet for a V/STOL aircraft of this type, the performance of this inlet exhibited 
excellent characteristics, as shown in the figure. 
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FIGURE 8.8-1 

EFFECTS OF ANGLE OF ATTACK AND FAN SPEED ON 
LIFT/CRUISE FAN INLET PERFORMANCE 
UH Inlet 
Vq = 103 Kts 
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FIGURE 8.8-2 

EFFECTS OF ANGLE OF ATTACK AND SIDESLIP ON 
LIFT/CRUISE FAN INLET PERFORMANCE 

L/H Inlet 

Vo=103Kts NF/v^T^ * 2700 RPM 
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FIGURE 8.84 

EFFECTS OF FORWARD SPEED AND ANGLE OF ATTACK ON 
LIFT/CRUISE FAN INLET PERFORMANCE 
L/H Inlet 

Np/v ^To “ 3600 RPM 



Tsjnnel Speed, Vq • kts 
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FIGURE 8.8-5 

LIFT/CRUISE FAN INLET PERFORMANCE SUMMARY 
Nondimensionalized Total Pressure Loss Data 
Vo - 103 Knots 
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FIGURE 8.8-6 

EFFECTS OF ANGLE OF ATTACK AND ENGINE SPEED ON 
LIFT/CRUISE GAS GENERATOR INLET PERFORMANCE 

L/H Inlet 
Vq • 103 Kts 



Angle of Attack, a • deg 
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FIGURE 8.8-7 

EFFECTS OF ANGLE OF ATTACK AND SIDESLIP ON 
LIFT/CRUISE GAS GENERATOR INLET PERFORMANCE 

L/H Inlet 

V(, « 1 03 Kts N p/V^ ” 2700 RPM 
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FIGURE 8.8-8 

EFFECTS OF ANGLE 0= ATTACK AND FAN SPEED ON 
NOSE FAN INLET PERFORMANCE 

Vq - 47 Kts 
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FIGURE 8.8-9 

EFFECTS OF ANGLE OF ATTACK AND FAN SPEED ON 
NOSE FAN INLET PERFORMANCE 
Vo-63Kts 
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FIGURE 8.8-1C 

EFFECTS OF ANGLE OF ATTACK AND FAN SPEED ON 
NOSE FAN INLET PERFORMANCE 

Vo«78Kts 
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Angle of Attack, a ■ deg 
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FIGURE 8.8-11 

NOSE LIFT UNIT INLET VELOCITY RATIOS 
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FIGURE 8.8-12 

EFFECTS OF SIDESLIP ANGLE ON NOSE FAN INLET PERFORMANCE 

a = 0® Vo = 103Kts 
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FIGURE 8.8-13 

NOSE FAN INLET PERFORMANCE SUMMARY 
Nondimensionalized Total Pressure Lok Data 
a-O® 
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9. OUTSIDE STATIC TEST RESULTS 

The results of the outside static test program conducted on the large scale 
powered model are presented in this section. The discussions cover the propulsion 
system calibrations, the ground effects on total Installed lift, the ground effects 
on inlet relngestlon, and the flow visualization tests. 

9.1 PROPULSION SYSTEM CALIBRATIONS 
Individual Unit Calibrations 

The balance-measured static gross thrust and the rake-measured ideal gross 
thrusts are presented as a function of fan speed squared for the left and right 
lift/cruise units in Figures 9-1 and 9-2, respectively. The results are shown for 
the 90® vector position only, as this was the only vector position tested on the 
lift/cruise units. For comparison purposes, results of the 40' x 80' wind tunnel 
static calibrations for each unit are also shown in the figures. Fairly good 
agreement exists between the two test programs, particularly on the right unit. A 
rear view of the model showing the lift /cruise vectoring units is given in Fig- 
ure 9-3. Figure 9-4 presents the balance- and rake-measured thrusts for the for- 
ward lift unit at a geometric vector angle of 95®. 

Comparisons between the tunnel measured and static test measured nozzle thrust 
calibration coefficients (Cp) for the left, right and nose lift units are presented 
in Figures 9-5 and 9-6. As shown in the fig’ es, good agreement exists between the 
two lift/cruise unit calibrations; however, a shift of approximately 5% was measured 
on the nose unit. Comparisons of the resultant thrust vector angles for each unit 
are presented in Figure 9-7 and 9-8, showing good agreement with the 40' x 80' 
tunnel static calibrations. The absolute level of accuracy of the outside static 
balance and rake calibration data is of lesser importance to the validity of these 
test results than the variation in level measured for each height and model con- 
figuration tested. Thise comparisons with the 40' x 80' data are presented herein 
for reference purposes and as a check on the outside test setup. 

Fan Performance Map 

The X376B turbotip fan performance map is presented in corrected form in 
Figures 9-9 and 9-10. The nozzle total pressure ratio in Figure 9-9 and the ideal 
gross thrust in Figure 9-10 are shown versus the total fan-plus-tip-turbine airflow 
as a function of various fan speeds for the three alternate nozzle exhaust areas 
tested. The values in the performance map were calculated using the fan and tip 


MCDOMISIBiU. AmCHAFT COMFAMV 

9-1 



MDC A4318 


turbine exit rake data and are presented directly as measured. The fan performance 
maps are used in evaluating the Individual behavior of the three lift units during 
operation In ground effects. The effects of both nozzle back pressure and Inlet 
hot gas relngestlon on fan thrust and airflow rate can be assessed utilizing these 
fan maps. 
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FIGURE 9-1 

LEFT LIFT/CRUISE UNIT CALIBRATION RESULTS 
Static Test Calibrations 
5lc = 90° 
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FIGURE 9-2 

RIGHT LIFT/CRUISE UNIT CALIBRATION RESULTS 
Static Test Calibrations 
5lC“90° 
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FIGURE 9-5 

LIFT/CRUISE UNIT THRUST COEFFICIENT .COMPARISON 
Propulsion System Calibration Results 

Vo = 0 



Geometric Deflection Angle, 5 |_q ■ deg 
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FIGURE 9-6 

NOSE LIFT UNIT THRUST COEFFICIENT COMPARISON 
Propulsion System Calibration Results 

Vo“0 



Geometric Deflection Angle, 5|yjL - deg 
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FIGURE 9-7 

LIFT/CRUISE UNIT THRUST VECTOR ANGLE COMPARISON 
Propulsion System Calibration Results 

Vo = 0 
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FIGURE 9-8 

NOSE LIFT UNIT THRUST VECTOR ANGLE COMPARISON 
Propulsion System Calibration Results 
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FIGURE 9-9 

X376B FAN MAPPING RESULTS 
Nozzle Total Pressure Ratio Data 
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FIGURE 9-10 

X376B FAN MAPPING RESULTS 
Ideal Gross Thrust Data 
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9.2 GROUND EFFECTS ON AIRCRAFT LIFT LOSS 

The effects of alternate ground heights and selected model variables on the 
total installed lift during three unit operation, along with the individual unit 
ground eff.r .ts test results are given in this section. All data presented are 
based on t ,eady state measurements obtained with the Vidar data acquisition system. 
Three U r it Operation 

The Dolance*measured total lift at the three ground heights tested in this 
program are presented as a function of fan speed in Figure 9-11. These lift data 
are plotter versus the average ambient corrected fan speeds (rather than inlet 
corrected : an speeds) in order to compare at each altitude the combined ground 
effects including inlet reingestion. The data as presented in the figure induce 
the effects of suckdown plus foxmtain, fan back pressure, and inlet reingestion 
as affected by aircraft ground height. As shown by the results in this figure, 
essentially no net lift loss in ground effects was measured with this aircraft 
test model, particularly at the higher fan speeds. 

The rake-measured ideal thrusts are presented for each lift unit for altitudes 
of 21.0, 8.3, and 3.3 feet in Figures 9-12, 9-13 and 9-14, respectively, for the 
same test points as Figure 9-11. The rake-measured ideal thrusts are used to 
evaluate the thmst variation of the individual units separately from the total 
net installed lift. ne ideal thrust variations shown include the effects of 
inlet reingristion and back pressure, thereby allowing a comparison with the force 
data to yield the net propulsion induced ground effects occurring on the aircraft 
model. 

The results of the rake determined individual thrust measurements with all 
three units operating ar'^ presented in Figure 9-15. The relative change in 
thrust (dF/^^ versus tne model height ratio (H/D) are presented for each unit 
at a selected co acted fan speed of 3600 rpm. The model height ratio (H/D) for 
this and all irves presented herein is based on the average exit flow area 
diameter (^) of all three lift units “ 39.1”). The reference thrust used 

in the * gure and throughout the report was the value measured at the 21.0 foot 
mode., height. The expected deterioration of thrust at the reduced model heights 
is apparent in the figure as the effects of both inlet temperature reingestion 
and back pre^.-u^a are encountered. The sharp rise in the thrust of the nose lift 
unit as Ln j lower ground heights are reached was found to be the net result of 
both reduced inlet reingestion and favorable fan back pressure at the lowest 
ground height. Inspection of the nose fan and gas generator inlet temperature 
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FIGURE 9-11 

EFFECT OF GROUND HE 3HT ON TOTAL MEASURED LIFT 
All Units Operating 
a = 0® 
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FIGURE 9-12 

INDIVIDUAL UNIT IDEAL THRUST MEASUREMENTS 
All Units Operating 
Model Height ” 21.0 Ft 
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FIGURE 9-13 

INDIVIDUAL UNIT IDEAL THRUST MEASUREMENTS 
All Units Operating 
Model Height ° 8.3 Ft 
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FIGURE 9-14 

INDIVIDUAL UNIT IDEAL THRUST MEASUREMENTS 
All Units Operating 
Model Height = 3.3 Ft 
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FIGURE 9-15 

EFFECT OF GROUND HEIGHT ON THE INDIVIDUAL UNIT THRUST 

All Units Operating 

Corrected Fan Speed (Np/V6y^ ) a 3600 RPM 


Rake Measured Data 
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reingestlon data in Section 9.3 of this report explains the more favorable rein- 
gestion effects. The increased back pressure at the lower ground height caused 
a reduction in effective nozzle area. The nose fan geometric nozzle area was 
oversize to start with, therefore the nozzle area match was actually improved at 
the lower ground height. This moved the fan operating point to a more favorable 
location on the fan map of Figure 9-10 and thus increased the thrust output. The 
relative variation of the combined total thrust with height changes is shown by 
the dashed line in Figure 9-15. 

The comp'^rlson of the combined total rake-measured thrust variation with the 
total balance-measured lift variation at a fixed ambient corrected fan speed of 
3600 rpm is presented in Figure 9-16. The net balance-measured lift change with 
ground height (lift loss) was found to decrease less than 1% over the three heights 
tested. The thrust variation (thrust loss), however, was found to decrease as much 
as 7 % at the intermediate height tested. It is apparent from these data that a net 
positive induced force is occurring on this model probably due to favorable fountain 
effects. As was stated previously, both the rake-measured thrust and balance- 
measured total lift have the effects of reingestion and oack pressure in the values 
presented, therefore indicating that the differences between the two measurements 
with ground height are due to induced rather than direct thrust forces. 

The effects of gas generator inlet shields on the reduction of the gas 
generator inlet reingestion were found to be favorable and are discussed in 
Section 9.3. However, as shown in the Figures of 9-17 through 9-19, the effects 
of inlet shielding on the balance-measured total lift were found to be very small. 
Figure 9-17 shows essentially no effect for the large shield at a model height 
of 21.0 ft. A small but apparent positive effect due to the addition of the small 
shield at the intermediate 8.3 ft altitude is shown in Figure 9-18. A comparison 
of the large and small inlet shields and their effect on total installed lift loss 
is shown in Figure 9-19 at the lowest height of 3.3 feet. As shown in the figure, 
essentially no difference existed between the large and small shields, although a 
*=?mall but negative effect on lift was measured by both shields as compared w*.th 
the shield off configuration. This negative effect indicates that, although the 
inlet reingcstion is reduced and thrust increased (see Section 9.3), there is a 
slightly greater lift loss due to an apparent increase in suckdown. Figure 9-20 
presents the effect of shield deflection angle (6g) on the balance-measured total 
lift at a corrected fan speed of 2500 rpm at the 3.3 foot model height. This 
data Indicates that an optimum deflection angle exists at approximately 45®, 
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FIGURE 9-16 

EFFECT OF GROUND HEIGHT ON TOTAL LIFT AND THRUST 
All Units Operating 

Corrected Fan Speed “ 3600 RPM 









■ 

■ 

■ 

■ 

fl 









■ 

i 

■ 

■ 

B 

dLC * 90 
6|vil “ S5® 
L Sy = c® 

: 







■ 

■ 

■ 

i 

B 

Shi 

eids Off 

LI 









y^Tot 
(6a 
Al i 

1 

al Lift C 
ance Me 

'Lref 

hange 

asured) 

■ 

■ 

B 

g 


j 


r ' 

— 


1 

/ 




s 

B 

B 

j — 

f 

t 






■ 

B 

: 






n 



■ 


■ 

■ 

B 

B 



B 


Suckdown 

+ 

Fountain 

Effect 

■ 



; \ 

: \, 





> 



n 








1 



H« ; 
(Gear 1 

3 3 ft 
Height) 



^ — — 

— 



. 


\ 






1 


1 


H-l 

1.3 ft 





( 

otal Tbr 
Hake Me 

^/Fref 

ust Cha 
asured) 

nge 
















0 1 2 3 4 5 6 7 

Model Height Ratio, H/D 


MCDonjn/ELl. Aincno-FT co/v»r»/»/vi' 

9-20 


OP76'0622 129 







Balance Measured Total Lift, L/6 a • lb 


MDCA4318 


FIGURE 9-18 

EFFECT OF INLET SHIELDING ON TOTAL MEASURED LIFT 
All Units Operating 
Model Height * 8.3 Ft 
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FIGURE 9-19 

EFFECT OF INLET SHIELDING ON TOTAL MEASURED LIFT 
All Units Operating 
Model Height = 3.3 Ft 
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FIGURE 9-2C 

EFFECTOR SHIELD DEFLECTION ANGLE ON TOTAL MEASURED LIFT 

Alt Units Operating 

Model Height = 3.3 Ft = 2500 RPM 
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apparently providing a comproiaise between the opposing inlet reingestion and suck- 
down effects at this intermediate angle. 

Individual Unit Operation 

The balance-measured lift of the individual units at three values of ground 
height are presented in Figures 9-21, 9-22, and 9-23 for the left, right, and nose 
units, respectively. The data are plotted as a function of ambient corrected fan 
speed, Np/ . The lift loss (or gain) in ground effect is much more apparent 
for these individual unit runs than for the previously discussed three unit com- 
bined runs. The lift/cnxise units showed an increasing lift loss as ground height 
was reduced. The nose lift unit showed the same loss trend as ground heights was 
reduced until the S.3 ft level Whs reached below which the lift began increasing. 
Inlet reingestion on the individual test nms was minimal, as no fountain or local 
upwash flow was generated. The lift loss (or gain) as measured by the balance data 
was therefore due to either increasing fan back pressure, suckdown, or both. 

The rake-measured ideal gross thrust for the left, right, and nose units are 
presented in Figures 9-24, 9-25, and 9-26, respectively, for each ground height 
tested. These data also are presented versus corrected fan speed and are from 
the same run as the three balance-measured data figures. All three units exhibited 
a relatively small change in the rake-measured thrust when altitude was decreased, 
as shown in the figures. The left and right unit thrust decayed as ground height 
decreased. However, the nose unit thrust increased with reduced ground heights. 

Once again, inlet reingestion played an insignificant role in the variation of 
those -ake-measured thrust data, with the thrust variation effects, whether positive 
or negative, being attributed here to effective nozzle area changing, i.e., back 
pressure effects. 

Comparisons of the balance-measured lift loss data with the rake-measured 
thrust loss data are presented in Figures 9-27, 9-28, and 9-29 for the left, right, 
and nose lift units, respectively. The data art presented as a function of model 
height ratio (H/D) for a fixed corrected fan speed of 3600 pm. The 21.0 foot 
model height is used as the reference altitude from which the percentage changes 
are computed. Note that both lift/cruise units show a thrust decay maximizing at 
between 3 and 4%, attributable to back pressure. The negative difference between 
the balance-measured lift and rake-measured thrust data as shown in the figures 
for the two lift/cruise units is attributed solely to model suckdown. As shown 
in the two figures, approximately 15% and 20% suckdown force was measured for 
the two respective units at the gear height of 3.3 feet (H/D - 1.02). The nose 
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FIGURE 9-21 

EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT MEASURED LIFT 

Left Lift/Cruise Unit Only 

oi * 0® 
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FIGURE 9-22 

EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT MEASURED LIFT 

Right Lift/Cruise Unit Only 
a = 0° 
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FIGURE 9 23 

EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT MEASURED LIFT 

Nose Lift Unit Only 

a = 0° 
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FIGURE 9 24 

EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT IDEAL THRUST 

Left Lift/Cruise Unit Only 
a“0° 



Corrected Fan Speed, - rpm 
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FIGURE 9-25 

EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT IDEAL THRUST 
Right Lift/Cruise Unit Only 
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FIGURE 9-26 

EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT IDEAL THRUST 


Nose Lift Unit Only 



Corrected Fan Speed, Np/ • ’’Pn” 
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FIGURE 9-27 

EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT LIFT AND THRUST 

Left Lift/Cruise Unit Only 
0=0® NpA/^ - 3600 RPM 



Model Height Ratio - H/D 
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FIGURE 9-28 

EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT LIFT AND THRUST 

Right Lift/Cruise Unit Only 
= 3600 RPM 
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FIGURE 9-29 

EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT LIFT AND THRUST 

Nose Lift Unit Only 
a ■ 0° = 3600 RPM 


: 












— 

Mod 

9i Georr 
C “ ! 

L “ * 

• ( 

etry 

i 












By 

JS" 

: 



1 “ 3.3 

t (Gear 

Heightl 







Shi( 

lids Off 


: 


i\ 













\ 


i\ 













- 



N;- 

> ^ 

^1 

i - 8.3 U 


/■; 

Thrust V 
(Rake M 

Variation 

easured) 


■ ik^ 

sf * "^ref 

: 


^ - - I 

N 



[Suck 

down 

i 

^ j 


cil 




: 






S— 




H » 21 

.0 

/ 



: 


1. . 





't Variat 
aiance M 
E yc * 

lon 

leasuredi 

1 ! 

1 


\ 












"^ref 








0 1 2 3 4 5 6 7 


Model Height Ratio • H/0 


GP76-0622-139 


9-34 



MDC A4318 


unit data of Figure 9-29 shows an entirely different picture- The r..ke-measured 
thrust variation is shown to increase steadily as the ground is approached. Ihis 
increase is cA^sed by movement to a more favorable operating point on the fan map 
due to positive back pressure effects. The negative differences between the balance 
lift and thrust data at the intermediate H/D, like the lift/cruise units, are attrib- 
uted to suckd .. The positive difference between the lift and thrust data at the 
lowest H/D i similar to that experienced in small scale model fan tests (Reference 4) 
at low H/D. The explanation for this phenomenon was that as the horizontally 
mounted lift fan approach the ground, a higher than ambient base pressure was 
induced on the exit hub of the lift fan, and a net positive lift was achievea. 

This same e ‘ect is believed to be occurring on the nose unit on this particular 
model configuration. 

Lift Loss Summary 

A summary of the balance-measured lift data (AL/L) shown on the previous 
summary plots is presented in Figure 9-30 for both the three unit operation data 
and the single unit left lift /cruise unit aata. The data from this test are 
plotted on an existing comparison plot of previous multiple-jet model tests as 
obtained from Reference (6). As shown in the .Tigure, the data trends seen in this 
test are similar to those shown for the previous tests. It should be noted, however, 
tuat the comparison data from this test are shown on this existing summary plot for 
illustration purposes only, and do not necessarily reflect test data acquired in 
like manner. 
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FIGURE 9-30 

LIFT LOSS IN GROUND EFFECT COMPARISONS 
Figure Reproduced from Reference (6) 
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9.3 GROUND EFFECTS ON INLET REINGESTION 

The effects of ground height and selected model test variables on inlet 
temperature ref^gestion characteristics are presented in this section for the four 
inlets in operation on this test model as shown in Figure 9-31, The test variables 
include the model ground height, fan speeds, nose unit vector angle, yaw v^e splay 
angle, inlet shield size and shield deflection angle. Most of the data presented 
was measured utilizing the Vidar digital data acauisition system and is assumed 
to be steady state. Selected analog data traces are presented for the more 
unsteady test runs and comparisons between the digital and analog data for these 
selected test runs are discussed. 

Ground Height Effects 

The effects of ground height on inlet teuperature reingesticn are presented 
throughout this section in order to prov.de a basis for comparing the effects 
of the other test variables* A specific comparison of the inlet temperature rise 
for each of the four inlets evaluated in the test program is presented as a 
function of model ground height ratio (H/D) in Figure 9-32. The data shown are 
presented for a constant ambient corrected fan speed of 3600 rpm. The inlet temp- 
erature rise index, uT^/AT., is utilized on this and on every figure presented 

2 

herein in order to ncn-dimensionalize the reingescion data for direct comparison 

purposes between uns. The temperature rise inde^w removes from consideration the 

strong effects of changes in the exhaust jet temperature, which was continually 

changing over the course of this test program, due both to ambient temperature 

variations and to the large jet temperature rise associated with large inlet 

temperature rises. The AT^ equals t. ^ inlet total temperature rise above ambient 

(Txo - T , ), and the AT equals the three unit mass averaged jet temperature 
A amb . j 

rise above ambient (Tx. “ T , )• As shown in Figure 9-32, the peak inlet tempera- 

j amo. 

ture rise occurred at the intermediate 8.3 foot height tested for sll inlets except 
the left lift/cruise fan inlet. The reason for the lower inlet temperatures at 
the 3.2 versus the 8.3 foot height is believed to be the stronger upwash dynamic 
pressure and hence a stronger lateral deflection of the flow field by the aircraft. 
Also shown in the figure is the inlet which sustains the highest reingestion 
temperature rise, that of the left gas generator inlet. The approximate location 
of the lateral fountain (see Figure 9-31) occurs, as expected, in the vicinity 
of f-his inlet which is also the only inlet without any form of airframe shielding. 
The mass average jet temperatures along with the ambient temperatures for each data 
point are presented in all figures in this section. In general, the AT^ value 
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FIGURE 9-31 

POWERED MODEL TEMPERATURE INSTRUMENTED INLETS 
Inlet Reingestion Tests 
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Inlet Temperature Rise Index, ATj/ATj 
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FIGUR E g-32 

EFFEv'"^ OF GROUND HEIGHT ON INLET REINGESTION 

Nf/v'^=3600RPM 
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measured in most of the tests was approximately 100 Fahrenheit degrees. 

Louver Deflection Effects 

The effects of varying nose unit louver deflection angles on inle* reinges- 
tion is presented for each inlet in Figures 9-33, 9-34, and 9-35 for ground 
heights of 3.3, 8.3, and 21.0 feet, respectively. All data are presented for 
a constant corrected fan speed of 3600 rpm. In general for all inlets at all 
altitudes, with the exception of the nose fan inlet at the 8.3 foot height, 
deflecting the louvers from 80® to 102® caused a steadily increasing and signifi- 
cant rise in the inlet temperature levels measured. These characteristics were 
due to the direct movement of the lateral fountain. Moving it rearward under 
the wing increased shielding whereas moving it forward away from che wing reduced 
shielding effects. The sensitivity of inlet temperature rise to louver deflection 
for the more critical gas generator inlets was shown to be much less as altitude 
was increased. 

Differential Fan Speed "s 

The effect of nose led variations on reingestion by :he foar inlets 

is presented in Figures .. 9-37, and 9-38 for ground heights of 21.0, S 3 and 
3.3 feet, respectively. The ose fan speed was varied below and above a nominal 
fan speed of 3600 rpm. The effects were found to be most pronounced at the 3.3 
foot ground height. Decreasing the nose fan speed and hence its jet dynamic 
pressure caused the lateral fountain to shift forward from beneath the shielding 
wing area and therefore increase the reingestion levels of all four inlets. 
Increasing the nose fan speed moved the fountain rearward and decreased reinges- 
tion. Similar characteristics were observed at tbs 8.3 foot ground height, 
except that a decrease in fan speed below the nominal 3600 rpm value showed 
very little effect. Both the nose and lift/cruise fan speed variation effects 
at the 21.0 foot height. Figure 9-36, showed only minor effects on inlet reinges- 
tion. 

Nozzle Exhaust Splaying Effects 

The effects of splaying the nozzle jet exhausts on inlet reingestion temperature 
are presented in Figures 9-39 through 9-42 for the four inlets tested. The data 
are presented versus the ground height ratio (H/D) for a constant corrected fan 
speed of 3600 rpm. 

Splaying was achieved using the manually positioned yaw vanes on each lift 
unit. The two yaw vanes on each lift cruise unit and the two on the nose unit 
splayed outboard 12®. 
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FIGURE 9-33 

EFFECT OF NOSE UNIT DEFLECTION ANGLE ON INLET REINGESTION 

Model Height = 21.0 Ft 
IMp/V^ * 2600 RPM 
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FIGURE 9-34 

EFFECT OF NOSE UNIT DEFLECTION ANGLE ON INLET REINGESTION 

Model Height * 8.3 ft 

Nf/v^T^*3600 RPM 
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FIGURE 9-35 

EFFECT OF NOSE UNIT DEFLECTION ANGLE ON INLET REINGESTION 










Inlet Temperatuie Rise Index, ATj/ATj 


MOCA4318 


FIGURE 9-36 

EFFECT OF FAN SPEED ON INLET REINGESTION 
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FIGURE 9-37 

EFFECT OF NOSE FAN SPEED ON INLET REINGESTION 
Model Height = 8.3 ft 
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FIGURE 9-38 

EFFECT OF NOSE FAN SPEED ON lULFT REINGESTION 
Model Height = 3.3 ft 
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FIGURE 9-39 

EFFECT OF NOZZLE EXHAUST SPLAYING ON INLET REINGESTION 

Left Gas Generator Inlet 
3600 RPM 
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FIGURE 9-40 

EFFECT OF NOZZLE EXHAUST SPLAYING ON INLET REINGESTION 
Forward Gas Generator Inlet 

Nc/\ ~T = 3600 RPM 
' o 
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FIGURE 941 

EFFECT OF NOZZLE EXHAUST SPLAYING ON INLET REINGESTION 

L/H Lift/Cruise Fan Inlet 
Np/\ = 3600 RPM 
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FIGURE 9*42 

EFFECT OF NOZZLE EXHAUST SPLAYING ON INLET REINGESTION 

Nose Fan Inlet 

Nc;\ '-T - 3600 RPM 
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As shown in the figures for each inlets the effect of splaying was very 
beneficial in reducing reingest ion at the two lover ground heists for all inlets. 
At the 21.0 foot hei^t» however, splaying was shown to have a negative effect in 
that the teiiq>erature rise on each inlet was increased. This is believed to be due 
to inducing a stronger far field recirculation flowfleld around the model at the 
high^i^ altitudes. 

Effects of Inlet Shii^x 

The effects of the small gas generator inlet shield on reingestion temperature 
for tests at the 8.3 foot ground height are presented for the two gas generator 
inle!:s in Figure 9-43 and for the two f'-n inlets in Figure 9-44. 

The effects of be .a large and small gas generator inlet shielding on inlet 
reingestion temperature for tests at the 3.3 foot ground height are pre nted for 
the two gas generators inlets in Figure 9-45 and for the two fan inlets in 
Figure 9-46. Both shields were found to be very effective in reducing the left 
gas generator inlet reingest Ion at the 3.3 foot ground height, as shown in the 
figure. In Figure 9-46 the gas generator inlet shields were found to have essen- 
tially no effect on the reingestion characteristics of both the lift/cruise and 
nose fan inlets. A photo of the large shield installed on the powered model at 
the 3.3 foot height is shown in Figure 5-5. 

The effects of shield deflection angle (Og) on inlet reingestion are prer-^nted 
i.n Figure 9-47 at a fan speed of 2500 rpm at a ground height of 3.3 feet. Shield 
deflection angle tests were conducted with the large shield only at this lower 
ground height. As shown in the figure, a shield deflection angle of 0^ vas found 
to provide the best shielding for both gas generator inlets. The effects of shield 
deflection angle on brt* fan inlets were found to be minor. 

Analog Temperature Data 

A representative selection of the continuously recorded analog temperature 
data measured during the static test program is presented in this section. Indivi- 
dual temperature traces are presented for selected thermocouples located in each of 
the four inlets in Che reingestion tests. Figure 9-48 shows the inlet thanaocouple 
numbering used for Identf fylng the analog traces presented herein. 

The purpose of presenting the selected analog data t aces is to illustrate 
the inlet temperature variation during an individual test point, and also to show 
the deviation from the single scan Vidar system measured inlet temperatures. For 
all analog data presented, the variations are shown during the complete 90 second 
time duration of the Vidar digital data acquisition process. During each test 
point, the model pressures, selected temperatures, fan speeds, and load cell data 

McaofMfyei.1. CGMf»A(siv 
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are all measured during the Initial 85 seconds of the test point. The last 5 seconds 
are used to tneasure the inlet temperatures digitally. The inlet relngestlon data 
presented in the previous figures of this report are all based on these digital 
measurements . 

Analog data traces for some thermocouple from each of the four inlets tested 
are preseuted in Figures 9-49 > 9-50, and 9-51 for the three model ground heights 
tested of 21.0, 8.3, and 3.3 feet. The temperature variations are shown relative 
to the digitally measured reference temperature (T^gp) for eac^ thermocouple. The 
time at which the digital is measured is also indicated in each figure for 

each thermocouple. The particular temperatures selected and shown here are the 
"worst case" variations for each inlet at these test conditions. As shown, the 
temperature variations during the three runs and also the deviations from the 
digitally measured temperature levels were both found to be within ^ 10®F. 

The analog temperature data for all thermocouples installed in the more 
critical left hand gas generator inlet are presented in Figures 9-52, 9-53, and 
9-54 for the three model ground heights of 21.0, 8.3, and 3.3 feet. Thermocouple 
Ho. 6 on the L/H gas generator inlet was intermit tantly inoperative during the 
static tests, and therefore is not shown. For the seven thermocouple measurements 
shown in these three figures, the temperature variations during a given run were 
found to be reasonably stable, and the digitally measured Vidar inlet temperatures 
are also shown to be very representative measurements of the level of reingestion 
occurring with this test model. 

9.4 FLOW VISUALIZATION TESTS 

Flow visualization tests were conducted at the 21.0 and 3.3 foot model heights, 
utilizing Corvus oil for smoke generation. Flowfield patterns were recorded with 
high speed (250 to 500 frames/sec) and normal speed (24 frames/sec) movie cameras. 
Still photos were also taken at selected conditions. Figure 9-48 shows typical 
still photo comparisons of the flowfield in the vicinity of the L/H gas generator 
inlet with and without inlet shields installed. Observations made during those 
tests clearly show when and where inlet reingestion is occurring and likewise 
support the inlet reingestion trends presented in this report. 
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FIGUR^9:43 

EFFECT OF SHIELDING ON INLET REINGESTION 

: Mode! Height * 8.3 ft 
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FIGURE 9-44 

EFFECT OF SHIELDING ON INLET REINGESTION 

Model Hei^t * 8.3 ft 


Nose Fan Inlet 
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FIGURE 9 4B 

EFFECT OF SHIELDING ON INLET REINGESTION 


Model Height * 3.3 Ft 
Forward Gas Generator Inlet 
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FIGURE 9-46 

EFFECT OF SHIELDING ON INLET REINGESTION 

Model Height » 3.3 Ft 


Nose Fan Inlet 
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FIGURE 9-47 

EFFECTS OF SHIELD DEFLECTION ANGLE ON INLET REINGESTION 

Model Height •= 3.3 Ft 
Np/V^Tq " 2500 RPM 
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Shield Deflection Angle, - deg 
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FIGURE 9-48 

INLET REINGESTION THERMOCOUPLE IDENTIFICATIONS 
Thermocouple (T/C) Numbering Sequence 



Left Uft/Cruise Fan Inlet Top 



Forward Gas Generator Inlet Top 
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7 


Side View 
(L/H Side I 


Left Gas Generator Inlet Top 
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FIGURE g-49 

INLET REINGESTION ANALOG TEMPERATURE VARIATIONS 

Model Height » 21.0 Ft 


MDC A4318 



J S - tuauiSinsesvM aauajajay uuoi| uo!ieue,‘\ ajrnejaduiax 


MCtyOIMn/BLL. AlftCttAFT COMf*ANY 

9-58 


Start Jest Point Run Duration * sec 

GP7« 0*22 i09^ 



MOC A4318 



MCtyOIVMBL.1. AlftCnABT COMfAMY 

9“59 


Start Test Point Run Duration * sec End 



FIGURE 9-51 

INLET REINGESTION ANALOG TEMPERATURE VARIATIONS 

Model Height » 3.3 Ft 
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FIGURE 9-52 

LEFT GAS GENERATOR INLET ANALOG TEMPERATURE VARIATIONS 

Model Height » 21 Ft 

= 3600 RPM 
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LEFT GAS GENERATOR INLET ANALOG TEMPERATURE VARIATIO.^3 

Model Height * 3.“^ Ft 
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10, CONCLUSIONS 

1. The complete three-fan powered lift configuration exhibits positive induced 
lift (AL/Fq from 0 to 0.1) for operational combinations of thrust vector angle 
and jet velocity ratio (Vq/Vj). The corresponding induced drag is generally 
negative. 

2. The two-fan powered lift configuration with the horizontal tail off and the 
nose lift unit sealed exhibits large positive induced lift values. With the 
lift/cruise unit at 90® » AL/Fg varies from a nominal 0.1 to 1.7 at jet 
velocity ratios of 0.1 to 0.7. 

3. Operation of the nose lift unit results in a significant adverse effect on 
Induced lift. 

4. A coQ^arison of lift and drag data from static tests of three-fan combined 
operation and three individual fan operations indicates differences in 
induced aerodynamic forces that may result from a mutual interaction between 
the propulsion units. Differences in lift range from -5% to +2% of total 
thrust and differences in drag range from -6% to -3S of total thrust. 

5. The three-fan powered lift configuration has unstable directional stability 
at very low V^/Vj ratios due to the destabilizing effect of the nose lift 
unit ram drag. At higher jet velocity ratios, the configuration is stable 
both directionally and laterally. 

6. The aerodynamic lift configuration with horizontal tail on has static 
longitudinal stability at angles of attack up to wing-stall angle of attack. 
Horizontal tail control effectiveness is retained through the highest angle 
of attack tested. 

7. The aerodynamic lift configuration has neutral lateral stability and stable 
directional stability at 0® angle of attack. Above 0® angle of attack the 
configuration is stable both directionally and laterally through the highest 
angle of attack tested. 

8. The effect of ground height on total lift loss for the model tested was less 
than 1% while operating at constant fan speeds. 

9. Inlet reingestion 1 /els were strongly affected by the model variables tested 
in this program, including model height, nose vector angle, differential fan 
speeds, splaying, and inlet shielding. 

10. Gas generator inlet shields appear to be effective devices for reducing 
inlet reingestion levels at low ground heights. 
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11. The ll£t/crulse fan, nose fan, and gas generator inlets were all found to 

exhibit high levels of inlet recovery coupled with low distortion throughout 
the range of tests performed on this model, particularly at angles of attack 
less than 20®. 
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WIND TUNNEL AND GROUND STATIC INVESTIGATION 
OF A LARGE SCALE-MODEL OF A LIFT/CRUISE FAN V/STOL AIRCRAFT 


APPENDIX A 


40' X 80' WIND TUNNEL 
TEST SCHEDULE AND BALANCE DATA 
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EXPLANATION OF SYMBOLS FOR RUN SCHEDULE 


Symbol 

Explanation 

Ranga 

Other 

RUN 

Run Number 



FT 

Point Number 



ALPHA 

Angie of Attadiu ot 

-4°t©32° 


BETA 

Sideslip Angle, 3 

-4® to 20“ 


OLC 

Lift/Cruise Unit Geometric 
Deflection, 5 i^Q 

0“to9tf* 


ONL * 

Nose Lift Unit Geometric 


DNL B 99. Indicatss tfle louver system 


Deflection, 5|s|[^ 

0° to 104“ 

removed and kMmr fustiage feiring 
installed 

DF 

Flap Deflection, 5f 

0°to30“ 


DAL 

Left Aileron Deflection, 5^ 

-25“to2S“ 


OAR 

Right Aileron Deflection, 5^ 

-25° to 25° 


OH 

Horizontal Tail Deflection, 6 

-20° to 20“ 

DH == —99. Indicates that the horizontal 
tail is removed arxi the flow survey rake 
installed 




DH - 99. Indicates that the horizontal 
tail is removed and the flow survey rake 
is also removed 

DR 

Rudder Deflection, 5 p 

-20° to 30° 

1 

QC 

Corrected Test Section 

i (Nominal) 



Dynamic Pressure, 

0 to 49.2 psf 

1 

FAN 1 

Nose Lift Unit Corrected 




Fan Speed, 

0 to 3600 rpm 

i 

FAN 2 

Left Lift/Cruise Unit 


1 

1 


Corrected Fan Speed, Np/ y/^ 

0 to 4100 rpm 


FAN 3 

Right Lift/Cruise Unit 




Corrected Far Speed, Np/ 

0 to 4100 rpm 


DYLC 

Lift/Cruise Unit Yaw Vane 


DYLC = 99. Indicates lift cruise unit yaw 
vanes removed 


Deflection, 

-12° to 12° 

DYNL 

Nose Lift Unit Yaw Vane 
Deflection, 5 

-12° to 12° 

DYNL ^ 99. Indicates nose lift unit yaw 
vanes removed. 

NOSE 

Code for Nose Gear 



GEAR 

1 - Nose Gear Off 

2 - Nose Gear On 



NOSE UNIT 

Code for Nose Unit Inlet Covers 



INLET 

i 1 ^ Nose Unit Inlets Covered 



COVERS 

1 2 - Nose Unit Inlets Open 
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PT 

4tt*H4 

i^ta 

l*tc 

lAlt 

'>p b*L:>OM 

OH 



OCA 

OPA 

UeA 

tiCA 

««><( if-'S 

OCA 

1 

1 

0*0 

•0.0 

90 . 

0* 

36. 1 

IS* 

14* 

• 90 * 


1 

••0 

•0*0 

9M. 

0 * 

36. 

IS* 

|S* 

•>0* 

i 

3 

0*0 

•0*0 

90 * 


36* 

IS* 1 


- 09 . 

1 

4 


•o;o 

VO* 

0* 

36* 

iS* 

IS * 

- 90 * 

9 

1 

A#D 

* 0*0 

VO* 

0* 



|4* 

- 99 * 



o«S 

• 0*0 

90 * 

0* 


IS* 

IS * 

• 99 * 

9 

a 

o«o 

-0*0 

90 * 

0 * 

36* 

14* 


• 99 * 

9 

4 

f«0 

•o«o 

90 * 

8* 

30 * 

| 4 * 

is* 

• 99 * 

3 

I 

i*o 

-0*0 

90 * 

0 * 

16* 

Is* 

IS * 

• 99 * 


? 

o«o 

•0*0 

90 * 

0 * 

36* 


IS * 

- S 9 * 

3 

a 

o.i 

•0*0 

90 * 

0 * 

36* 


14* 

• 99 * 

4 

1 

i*o 

•0*0 

*HI* 

0* 

?«• 



- 99 * 

4 

2 

o«o 

• 0*0 

90 * 

0* 

36. 

[ 0 * 

io* 

• 99 . 

4 

a 

9«0 


vO* 

0 * 

39* 

4* 

4* 

- 99 * 

• 

4 

o«o 

• 0*0 

94 * 

0 * 

3 * 8 * 

0 * 

0 * 

-MO* 

4 

4 

§•0 

• 0*0 

90 * 

0 * 

to* 

0* 

0 * 

• 99 * 

4 

4 

0*0 

• 0*0 

99 * 

0* 

39 * 

s* 

4* 

- 99 . 

4 

7 

0*0 

• 0*0 

VO* 

0 * 

5*. If. 

10 . 

- 99 * 

4 

A 

0*0 

• 0*0 

90 * 

0 * 

31. 1%. 

IS . 

• 99 * 

% 

1 

0*0 

• 0*0 

9 a * 

0* 

1 

(8* 

>8* 

• 99 * 

i 

2 

0*0 

-o!o 

90 * 

0 * 

14* ] 

to* 

10 * 

• 99 * 

% 

a 

0*0 


90 * 

0 * 

14* 10 . 

10 * 

• 99 * 

% 

4 

0*0 

• 0*0 

90 * 

0 * 

l-»* 

0 * 

0 * 

• 9 #* 

s 

s 

0*0 

• 0*0 

90 * 

0 * 

IS * 

4* 

4. 

- 99 * 

% 

6 

0*0 

-0*0 

90 * 

0* 

1 

IS . 

Is* 

- 99 * 

5 

7 

0*0 

- 0.0 

*♦ 0 * 

0 * 

I*-*. 

to* 

to* 

- 9 '«. 


A 

0*0 

-0.0 

90 * 

9* 

lo* 10* 

19. 

• 99 * 

5 

9 

0*0 

- 0.0 

90 * 

0 * 

IS . 

10* 

Is* 

• 99 . 

S 

10 

0*0 

•o;o 

90 . 

0 * 

lo. io. 

io* 

-MO. 

s 

11 

0*0 

- 0.0 

9 ' l * 

9* 


10* 

19* 

• 93 . 

s 

1 ? 

0*0 

- 0.0 

90 * 

4* 

lo. 

0 * 

0 * 

• 99 . 

4 

13 

0*0 

- 0.0 

90 . 

0 * 

I*** 

s* 

S * 

• 99 . 

4 

i4 

0*0 

- 0.0 

90 * 

0 * 

14* ] 

14* 

14* 

- 99 . 

4 

1 

0*0 

-0.0 

94* 

0 * 

IS * ] 

to* 

10* 

- 99 . 

4 

2 

0*0 

- 0.0 

^4. 

0* 

IS* 1 

^8* 

10 * 

- 39 * 

. A 

i 

0 * 0 . 

• 0.0 , 

94*. 

0 . 

!*»• ! 

0 * 

10 * 

- 99 * 

4 

4 

0*0 

• 0 . 0 * 

b 4 * 

0 * 

'14* 

iO * ^ 

|9* 

- 99 * 

7 

1 

0*0 

- 0.0 

44 * 

0 * 

14* 1 

|o. 

19 * 

.-^ 9 * 

r 

2 

0*0 

• 0.9 

94. 

0 * 




• 99 . 

7 

3 

0*0 

•n.o 

44 * 

0 * 

14. 

[ 0 * 

19 . 

- 94 . 

7 

4 

0*0 

• 0.0 

> 4 * 

0 * 

14* 

19 * 

to* 

- 99 . 

A 

1 

0*0 

• 0*0 

44* 

0 * 


0 * 

10 * 

- 99 * 

4 

2 

0*0 

- 0.0 

94 * 

0 * 

IS * 

10 * 

10 * 

- 99 * 

A 

3 

14*c 

- 0.0 

44 * 

0 * 

l 4 * 

0 * 

! 8 * 

- 99 * 

4 

1 

0 *i 

- 0*0 

40 * 

9 * 

IS * 

9 * 

10* 

- 93 . 

4 

? 

M *0 

- 0.0 

bo * 

0 * 

fs* 

to* 

1 0 * 

-99. 

9 

a 

14.0 

- 0.0 

44 * 

0 * 

I *** 

to* 

io* 

•99* 

9 

4 

0*0 

- O.rt 

44 . 

0 * 

is* 

to* 

10 * 

•99* 

t 9 

1 

4*0 

-o.c 

44 * 

0 * 

14 * 

to* 

10 * 

•99* 


2 

14*0 

• 0*0 

46 * 

0 * 


•• 


•99* 

to 

3 

0*0 

• 0*0 

4 b * 

0 * 

14* 

to* 

10 * 

•99* 


flH 

QC 

Fatal 

FAN2 

FAN3 

OYtC 

DYNL 

nose 

OCAA 

0C6 

PSf 

APA 

APH 

HPN 

OEG 

OC6 

0* 

0*00 

0* 

1942* 

14* 

0.0 

99*0 

1 

9* 

0*00 

0* 

2959. 

36* 

0*0 

09*9 

1 

0* 

0*00 

0* 

39AA* 

63* 

0*0 

99*0 



0* 

0* 

8:IS 

‘1: 


poBel 

0*0 

99*9 

99*0 



0* 

•.*• 

0* 

12* 

2011* 

0*0 

99*0 



0* 

0.** 

12* 

U: 

3614* 

0.0 

99.0 



9* 

0.00 

0* 

6065* 

^•8 

99*0 



0* 

0.00 

0* 

2023. 

2006* 

0*0 

99.0 



0* 

0.00 

0* 

2«3«. 

2922* 

0*0 

99*0 



0* 

0.00 

|6* 

3000. 

362S* 

0*0 

99*0 

1 

0. 

ll:]| 

ft* 

3650. 

3421* 


99*0 


> 

0* 

12* 

3*20. 

3616* 

0*0 

99*9 



0* 

l?*iS 

ft* 

3*36. 

366 f* 

0*0 

99*0 


0* 

1C* 36 

26. 

3635. 

3660* 

0*0 

99*0 

1 

0* 

1C.C9 

IC.33 

M* 

55?. 

5S3. 
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99*f 



9* 

12* 

5*4. 

556* 
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99*0 



0* 
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31* 

5*7. 
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1 


0* 

12*30 

I?* 

544. 
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1 

4* 

l.as 

S3* 
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3603* 

0*0 
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0. 
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12* 

3565. 

3S96* 
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9* 

12*26 
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0. 
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33* 
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3623. 
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